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SYNOPSIS 

A single-stage sam-pler is a simple container equipped with intake and 
exhaust tubes; the sampler  is used to  obtain suspended-sediment samples 
automatically (without immediate attention) when a water surface f i r s t  r i s e s  
to a selected stage. 

Because single-stage sampling imposes special restrictions on intake and 
exhaust components, the intake velocity of the single-stage sampler  does not 
adjust to  s t ream velocity. Therefore, several  types of single-stage samplers  
a r e  required to  cover a range of hydraulic conditions. Four  types of single- 
stage samplers  have been approved but may require modification fo r  some 
sampling conditions. 

Suggestions a r e  given on the field operation of the samplers  and on the use 
of data f rom the samples. Laboratory studies of the single-stage samplers  and 
of the sampler  components provide data that indicate probable sampling accuracy 
of the instruments for  a wide range of sampling conditions. Consistently success- 
ful use of the single-stage samplers  requires more  knowledge and engineering 
judgment than a r e  needed for  use of other sediment samplers .  

Accurate sampling of suspended sediment in a s t r eam requires a sampler  
having a sharp nozzle that points directly into the approaching flow and having 
the same  velocity in the nozzle a s  that in the s t ream.  Inter-Agency Report No. 
6 discusses the requirements for  accurate sampling and describes a se r i e s  of 
point- and depth- integrating samplers  that meet these requirements. 
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THE SINGLE-STAGE SAMPLER FOR SUSPENDED SEDIMENT 

1. Role of single-stage sediment s ample r s -  -Investigation and development 
to  promote the effective use  of single-stage suspended-sediment s a m p l e r s  were  
begun i n  1956 by personnel of the Fede ra l  Inter-Agency Sedimentation Pro jec t .  

Single-stage sample r s  normally a r e  installed at  points in  the s t r e a m  c r o s s  
section a t  which samples  of suspended sediment a r e  desired. A sample  is col- 
lected when a r is ing s tage f i r s t  submerges a sampler .  Samples a r e  obtained 
with respec t  t o  gage height, not t o  t ime. 

Ideally, a single-stage sampler  would sample  a s  accurately a s  a point- 
integrating sample r  (Report No. 6)::, sample  at  a depth where concentration 
represents  that in the vert ical  section, sample  on r is ing o r  falling s tage  a s  
preset ,  p r e se rve  the sample until delivered t o  the laboratory, and be economical 
to  build and maintain. 

2. Need f o r  automatic sampling equipment--Methods of sediment sampling 
now (1961) in  use  generally can provide a n  adequate record  of suspended-sediment 
discharge a t  a c r o s s  section of a s t r e a m  if personnel and equipment a r e  a t  the s i t e  
when necessary.  However, advance warning of a flood i s  not always sufficiently 
ear ly  fo r  personnel and equipment t o  reach  the s i t e  at  the t ime samples  a r e  
needed. Also, personnel and equipment a r e  not always available. F o r  f lashy and 
intermittent s t r eams ,  especially at  remote  o r  not easi ly  accessible  s i tes ,  sampling 
has been ser ious ly  insufficient for  some  s t o r m s  o r  even some  seasons.  

The single-stage sampler  was developed because of the urgent need f o r  a 
sampler  that would sample without immediate  attention. Even approximate in- 
formation on the concentration of sediment between vis i ts  of personnel t o  the  
s t r eam can be  important if nothing bet ter  i s  available. Although single-stage 
sample r s  do not fully attain the  ideal ( s ee  Secs.  43-45), they provide a means  of 
obtaining (1) some  information on suspended-sediment concentration fo r  s t r e a m s  
o r  s t o r m s  f o r  which data would not be obtained otherwise, (2) supplemental in- 
formation where samples  taken manually a r e  inadequate, and (3) possible econo- 
mies  by reducing the number of vis i ts  t o  a s t r eam.  

3. Field development--Several devices could be considered part  of the evolu- 
tion of the single-stage sampler .  The Anderson-Einstein sampler  and s o m e  of the 
suspended-sediment s ample r s  developed by the Corps of Engineers at  Omaha, 

:: References t o  Inter-Agency repor t s  a r e  by number only. 
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Nebr. , have f e a t u r e s  in  common with the single-stage sampler .  However, 
 logical S u r v e y  personnel  a t  Austin, Tex.,  s eem to have been the f i r s t  to use 
a device  t o  s a m p l e  suspended sediment "automatically" a s  the stage of a s t r eam 
r i ses .  

p e r s o n n e l  of the  Quality of Water Branch of the Geological Survey had diffi- 
c u l t ~  obta in ing s a m p l e s  of the high and rapidly changing suspended-sediment 

on r i s i n g  flood stages. In the spring of 1954 an attempt was 
lnade t o  i m p r o v e  sampling On Stream rises.  C. T. Welborn and George 
por te r f i e ld  of the  Austin office of the Quality of Water Branch designed an 

s a m p l e r  that was built by Mr. Welborn. Hardy Porterfield, a 
of t h e  Sur face  Water Branch of the Geological Survey in Austin, a lso  

contributed to  the  development. This original sampler ,  shown in Fig. 1, has 
been used with s o m e  success.  

Employees  of the  Quality of Water office in Lincoln, Nebr., recognized 
the poss ib i l i t ies  of the  "automatic" single-stage sampler ,  conducted some 
independent t e s t s  of the  sampling action, and modified the design. (See Fig. 2. ) 
Results  of t h e  t e s t s  and numerous modifications of the design were described by 
J, C. Mundorff in  an  open-file report entitled " ~ n  Automatic Suspended- 
Sediment Sampler ,  " October 1957. 

4. personnel - -The Inter-Agency Project i s  sponsored by the Subcommittee 
on sedimentation of the  Inter-Agency Committee on Water Resources. A Field 
Technical Committee, composed a s  follows, supervises the project: 

Geological Survey 
Corps of Engineers 
Soil Conservation Service 
Bureau of Reclamation 
Agricultural Research Service 
Fores t  Service 
Public Health Service 
Tennessee Valley Authority 

P. C. Benedict 
D. C. Bondurant 
E. M. Thorp 
W. M. Borland 
H. G. Heinemann 
M. D. Hoover 
R. H. Holtje 
E. N. Lesesne 

The sample r s  were tested and calibrated by H. H. Stevens, Jr., B. C. 
colby, and H. A. Jongedyk. The cooperation of I?. S. Witzigman and R. P. 
Christensen is gratefully acknowledged. Many helpful suggestions and con- 
structive cr i t ic isms were received f rom members of the Technical Committee. 
The report  was written by Byrnon C. Colby. 

personnel  of the Quality of Water Branch of the Geological Survey have been 
helpful in suggesting field usage of single-stage samplers .  Sampler mounting 
and protection have been based on suggestions f rom J. C. Mundorff and Burdge 
Irelan. A comment by D. W. Hubbell was partly responsible for  the design of 
Fig. 44. 
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5. Scope of theaenera l  study--This study i s  part  of the general project, 
"A Study of Methods Used in Measurement and Analysis of Sediment Loads in 
Streams, " which has been sponsored by cooperating Federal  agencies since 
1939. The purposes of the project a r e  to develop equipment and methods for 
collecting and analyzing sediment samples; to  promote collection of basic 
engineering data and information on the characteris t ics  and behavior of sedi- 
mentary materials  transported by natural s t reams;  and to  gain a better know- 
ledge of the fluvial-sediment problem and i t s  solution a s  related t o  the develop- 
ment of water resources f o r  industrial, agricultural, commercial, and domestic 
purposes. Equipment and methods of sampling and analyzing sediments have 
been emphasized. Various aspects  of the problem that have been investigated 
a r e  indicated by the tit les of repor ts  on pages 3 and 4 and by the brief annotations 
of the numbered reports  on pages 104- 105. 

6. Definitions--A few t e r m s  that have special o r  restr icted meanings in the 
report a r e  defined a s  follows: 

ACCRETION is either the water-sediment mixture added to  the original 
sample by subsequent submergence o r  the process of addition. 

EFFICIENCY o r  SAMPLING EFFICIENCY is the accuracy with which the 
sample reproduces the sediment content of the s t r eam at the point and t ime of 
sampling. The relation of the sediment content at the t ime of sampling to the 
short- o r  long-time average at the sampling point o r  t o  the sediment in the 
entire  c ross  section of the s t r eam i s  not included in efficiency but must be con- 
s idered carefully in evaluating the data for  the sediment record. 

ENRICHMENT i s  the addition of sediment to the sample f rom water-sediment 
mixture surging into and out of the intake nozzle o r  the exhaust port. 

INTAKE o r  EXHAUST is the entire intake o r  exhaust tube. The intake 
nozzle i s  the tip o r  entrance section of the intake. The exhaust port is the outer 
opening of the a i r  exhaust. The inner leg of intake o r  exhaust is the one that 
enters  the bottle; the outer leg is on the s t r eam side of the invert. (Fig. 3 is 
used a s  a general illustration of sampler  dimensions and components. 1 

INTAKE RATIO is the rat io of average velocity in the nozzle to  velocity 
approaching the nozzle along the axis of the intake. When the nozzle points 
directly into the approaching flow, the intake ratio i s  equivalent to  the relative 
sampling ra te  of Report No. 5. 

INVERT is the part  of intake o r  exhaust that forms an inverted "u. " The 
height of the inverts of Fig. 3 is BC fo r  the intake and DE for  the exhaust. - - 

NORMAL SAMPLING VELOCITY is the intake velocity a t  which sampling 
s t a r t s  o r  the sampling velocity in stil l  water without surges.  



Section 7 15 

NORMAL TIME O F  SAMPLING i s  the t ime  a t  which the water sur face  f i r s t  
r i s e s  t o  the sampling stage. 

ORIGINAL SAMPLE is the sample  in the container a t  the end of the normal  
sampling time; the p r i m a r y  sample a s  modified by presampling conditions; o r  the 
sample before it is a l te red  by conditions subsequent t o  sampling, such a s  circu-  
lation, accretion, and su rge  enrichment. 

PRIMARY SAMPLE i s  the sample collected f r o m  the s t r e a m  a t  the normal  
t ime of sampling. 

SAMPLE CONTAINER i s  assumed to  be a one-pint g lass  milk bottle. Other 
containers could b e  used, but s toppers  and bottle-holding devices were designed 
fo r  the pint milk bottle. 

SEDIMENT SIZES a r e  a s  follows: clay and sil t ,  < 6 2  microns;  and sand, 
> 62  microns. 

SURGES a r e  the  inward and outward movements o r  variations f r o m  uniform 
flow of the fluid in  the intake o r  exhaust a s  a resul t  of t ransient  p r e s s u r e  changes. 
The s i ze  of su rges  i s  expressed in ver t ical  height. (See Fig. 32.) However, 
su rges  may be  present  without an air-water  interface in  the tubes and a l so  when 
the sampler  i s  filling. 

WATER-SURFACE SURGES a r e  the p re s su re  changes caused by two variables.  
Waves, undulations, o r  any short- t ime changes in water- sur face  elevation c rea t e  
changes in the p r e s s u r e  head that operates on a s ample r  in a s t ream.  Also, ve- 
locity variations a l t e r  the velocity head p re s su re  at  the  sampler .  

VELOCITY AT SAMPLING POINT is the s t r e a m  o r  flume velocity at  the point 
of the  intake nozzle. 

11. BASIC SINGLE- STAGE SAMPLING 

7. Components of the sampler--A single-stage sample r  installation consis ts  
of four  basic  pa r t s  (Fig. 3) :  

(1) A sample  container. A one-pint g lass  milk bottle is satisfactory. The use  
of containers of other s izes ,  shapes,  o r  mater ia l s  depends on availability, economy, 
and s i ze  of sample desired.  

(2) An a i r  exhaust. A siphon-shaped tube having a smooth inside passage about 
3 /16  in. in  diameter  i s  required. Any mater ial  convenient fo r  bending i s  sat isfactory 
if it will then hold i t s  shape and be  sufficiently durable. 
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( 3 )  An intake. A siphon-shaped tube having a smooth inside passage 3/ 16 
in. in  diameter  a t  the nozzle and 3/16 o r  114 in. in diameter  f r o m  the nozzle 
into the bottle is needed. Material  requirements  a r e  the s a m e  a s  those fo r  the 
a i r  exhaust. 

(4) A bottle seal .  A stopper having two holes is required. It mus t  fit 
tightly in the top of the bottle and around the tubes. 

8. Basic sampling operation--If the water sur face  i s  slowly r i s ing  and if 
no velocity o r  water-surface su rge  effects a r e  present,  the sampling operation 
i s  a s  follows: 

When the s t r e a m  sur face  r i s e s  to  the elevation of the intake nozzle, water- 
sediment mixture enters ;  and a s  the water sur face  continues to  r i s e  in the 
s t r eam,  i t  a l so  r i s e s  in  the intake. (See Fig. 3. The general elevations and 
dimensions a r e  expressed without regard  t o  the inside diameter  of the  tube o r  
without distinction between the weir and the crown of the siphon. ) When the 
water-surface elevation W reaches  C, flow s t a r t s  over  the weir of the siphon, 
p r imes  the siphon, and begins t o  f i l l t h e  sample bottle under the head AC. 
Fill ing continues until the sample  r i s e s  to  F in the bottle, and water  i s f o r c e d  
up the a i r  exhaust to  the elevation W. ~ c t u a l l ~ ,  the momentum of flow in the' 
tubes causes a momentary r i s e  above W in the a i r  exhaust. Water drains  out 
of the inner  leg  of the intake. When t h e  s t r e a m  r i s e s  to  D, a i r  i s  trapped in 
the a i r  exhaust. As long a s  sufficient a i r  remains  in  t he tubes ,  no flow can pas s  
through t o  a l t e r  the original sample  unless a differential head that exceeds the 
height of invert  is built up. (If the legs of an  invert  a r e  not symmetr ical ,  the 
inverts  have different effective a i r - t r ap  heights resis t ing flow into and out of 
the bottle. ) F o r  conditions without significant surge  and velocity effects at  the 
intake nozzle o r  exhaust port, the heights BC and DE may  be small .  - - 

If, a f te r  the normal  t ime  of sampling, the depth of submergence over the 
sample  bottle increases ,  the a i r  in  the bottle i s  compressed and a smal l  addi- 
tional sample en ters  the bottle. This additional sample will enter  through the 
tube having the sma l l e r  height of invert .  Under var iable  submergence the 
entrance of water will compress  the a i r  in the bottle on r is ing s tages,  and some  
expanding a i r  will escape on falling stages; thus the quantity of a i r  in the bottle 
becomes le,ss and l e s s ,  and water  r i s e s  in the bottle. 

9. Influence of velocity and turbulence--Because the transportation of 
sediment involves velocity and turbulence, normal  sampling action i s  not s o  
s imple  a s  that presented in  the preceding section. 

Once the s t r e a m  r i s e s  t o  the intake nozzle, the r i s e  in  the intake depends 
on the effective p re s su re  a t  the nozzle. The p r e s s u r e  i s  the s tat ic  p re s su re  
i n  t he  fluid a s  modified by t ransient  dynamic p re s su re  differences and veLocity 
head. Dynamic p r e s s u r e  differences come f rom standing waves and vortexes,  
which a r e  related t o  velocity and roughness. Whether the velocity head adds 



to  o r  s u b t r a c t s  f r o m  t h e  p ressure  depends on the orientation of the nozzle with 
respect  t o  t h e  velocity. The sampling operation depends on pressures  that a r e  
often h igh ly  va r i ab le .  

Sampling operat ion in turbulent flow is a s  follows (see  Fig. 3): Sampling 
s t a r t s  when t h e  p r e s s u r e  a t  the intake nozzle forces  water up to C. If the intake 
points into t h e  approaching flow and if the velocity head i s  grea ter  than BC, 
sampling will s t a r t  a s  soon a s  the intake i s  submerged, and sampling w T b e  
in termi t tent  if the  surging water surface  alternately covers and uncovers the 
intake nozzle. F o r  continuous sampling, BC should exceed the height of water- 
s u r f a c e  s u r g e  plus velocity head. Also, t g h e i g h t  AB can be small  or  B can 
be  below A, but  should exceed the water -surfacesurge  by a sufficient s tat ic  
head (perhaps  2 in. ) t o  maintain a sampling velocity in the intake. Sampling 
c e a s e s  when t h e  bottle is filled to the bottom of the a i r  exhaust F, and the fluid 
is fo rced  up t h e  exhaust to the elevation that can be supported b y  the p ressure  
a t  the intake nozzle. 

R e g a r d l e s s  of velocity and static head, the sampler  always s t a r t s  to  f i l l  
under the head - AC. Therefore,  each sampler  has a characteristic intake veloc- 
ity. However, th is  characteris t ic  velocity depends not only on the head - AC but 
to  s o m e  extent on the  following factors: 

(1) Tempera tu re  causes changes of a few percent in intake velocity. 

( 2 )  The average  head during the 20 to 40 sec. of sampling may be l e s s  than 
AC because  s u r g e s  in water surface  and velocity a r e  at a maximum when Sam- - 
piing s t a r t s .  

( 3 )  If the  velocity head exceeds BC and the energy head i s  grea ter  than that 
required t o  s t a r t  sampling, the effective head during sampling will exceed AC. - 

(4) Debris  on the  intake may cause abnormal intake velocities. 

If circulation through the sampler  i s  to  b e  prevented, DE must exceed any 
of differential dynamic p ressure  heads that c a z e v e l o p  between the 

nozzle and the exhaust port at any moment; an allowance must be made f o r  mo- 
mentum in the tubes and unbalance in a siphon because of a water-over-air 
interface. Generally, the pressure  difference for  a horizontal intake nozzle and 
horizontal exhaust pointing into the s t r eam is maximum when the intake nozzle 
i s  submerged but the exhaust qort i s  not. 

If a sampler  may  be subject to highly variable submergence, A F  should be 
a la rge  part  of - F G  (80 percent i s  suggested) to minimize the dangerof  surge  
enrichment. 

10. Advantages and disadvantages of the sampler- -Single-stage sample r s  
have the following advantages: 
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(1) No one need be  present a t  the t ime of sampling. 

(2) Samples may  be  obtained at predetermined s tages of the s t r eam.  

( 3 )  Sampling apparatus i s  inexpensive. 

(4) The sampler  may be  left fo r  a few days a f te r  sampling without significant 
contamination of, o r  evaporation from, the sample. 

The  use  of single-stage sample r s  has  severa l  l imitations that depend on the 
nature of the device and on the sediment s i ze s  t o  be  sampled. F o r  clays and f ine 
s i l t s  the l imitations a r e  not l ikely' to be  crit ical,  but fo r  coa r se  s i l t s  and sands 
the l imitations may be significant unless unanticipated improvements a r e  possible. 

(1) Samples a r e  collected at o r  near  the s t r e a m  surface, and adjustments 
fo r  ver t ical  distribution of sediment a r e  necessary.  

(2 )  Samples usually a r e  obtained n e a r  the edge of the s t r e a m  o r  near  a p i e r  
o r  abutment, and adjustments f o r  la te ra l  variations in sediment distribution a r e  
required. 

( 3 )  Prope r  sampling action l imi t s  intake and air-exhaust elements t o  s izes ,  
shapes, and orientation that may  fai l  to  provide intake rat ios  sufficiently c lose  t o  
unity t o  sample sands accurately.  

(4) Covers  o r  other protection f r o m  t rash ,  drift, and vandalism often c rea t e  
unnatural flow l ines  a t  the point of sampling. 

(5)  Water f rom condensation may  accumulate in  the sample container p r i o r  
to  sampling. 

In the present  s ta te  of use, the s ample r  has  two other l imitations that m a y  
be removed by fur ther  modifications : 

(1) Sometimes the sediment content of the sample changes during subsequent 
submergence. 

(2) The device is not adapted to  sampling on falling s tages  o r  secondary r i s e s .  

11. Sampling efficiency--In this  repor t  the sampling efficiency i s  the bas ic  
c r i t e r ion fo r  sat isfactory sampler  design. The sampling efficiency may  b e  affected 
by adverse  conditions p r io r  to, during, and subsequent t o  sampling. P r i o r  t o  
sampling, water may  condense in the sample  container and the settling out of 
coarse  sediment may  dilute o r  enrich the  subsequent sample (Sec. 12) .  During 
sampling, the intake velocity may  not equal the s t r e a m  velocity; the intake m a y  be  
poorly oriented in the flow; o r  conditions a t  the sampling point may be  abnormal  
because of disturbance by the sampler ,  i t s  support, o r  protecting s t ruc ture .  
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Subsequent  t o  s ampl ing ,  e r r o r s  may  resul t  f r o m  circulation of water-sediment 
m i x t u r e  t h r o u g h  t h e  sampler ,  accretion, enrichment,  and contamination o r  l o s s  
of t h e  s a m p l e  by exposu re  t o  the elements o r  by  imprope r  handling and s tor ing 
of t h e  s a m p l e .  

111. LABORATORY INVESTIGATIONS OF THE SINGLE- STAGE SAMPLER 

12 .  Condi t ions  p r i o r  to  sampling- -Before sampling begins, the intake 
n o z z l e  i s  u s u a l l y  submerged  intermittently, o r  continuously, fo r  severa l  minutes.  
D u r i n g  s u b m e r g e n c e ,  water-sediment mixture s u r g e s  in  and out of the nozzle and 
s o m e  of t h e  c o a r s e  sediment (sands especially) s e t t l e s  f rom suspension. The 
quant i ty  t ha t  s e t t l e s  depends on the duration and intensi ty  of the su rges  and on the 

a n d  fa l l  velocity of the sediment.  At the  instant sampling begins, 
t he  wa te r - sed imen t  mixture  in  the intake en te r s  t he  sampler  and becomes par t  
of t h e  or ig ina l  s ample .  

Af te r  t he  in t ake  i s  submerged, sett l ing of t he  c o a r s e  mater ial  f r o m  suspension 
in t h e  in take  m a y  af fec t  sampling in  one of two ways. If the mater ia l  washes out 
of t h e  intake, t h e  s ample  will be  diluted. Because  the volume in the intake is 

and contains  pa r t  of the sediment concentration in  the s t r eam,  the dilution 
w i l l  b e  sma l l .  If the  mater ia l  accumulates in t he  intake, the sample  may  b e  
great ly  enriched.  

P re sampl ing  e r r o r s  a r e  usually insignificant unless  the i r  effect i s  made 
cumulative by  intermit tent  sampling. Intermittent sampling can be avoided by 
making t h e  height of the outer leg of the intake g r e a t e r  than the combined height of 
water-  s u r f a c e  s u r g e  and velocity head. 

13. Apparatus  f o r  studying presampling deposi ts  in  the intake--The appa- 
r a t u s  used f o r  investigating presampling deposits in  the intake i s  shown in Fig.  4. 
T h e  sediment chamber  was a glass  j a r  1 2  in. in  d iameter  and 1 2  in. in  depth. A 
heavy-duty kitchen-type mixer  was fitted with a s imp le  propel ler  f o r  agitating the 
water-sediment mixture  in the sedimentation jar.  A holder f o r  the sampler  was 
mounted against the  s ide  of the ja r  opposite the mixer .  A straight g lass  tube 
marked eve ry  half inch replaced the usual exhaust tube. An a i r  l ine connected 
t h e  outer end of the  straight tube t o  a rubber  bulb. compress ion  of the bulb 
created s u r g e s  i n  the  s t raight  tube and in the intake. During pre l iminary  tes t s ,  
the  bulb was squeezed by hand; la te r ,  a solenoid mechanism compressed the bulb 
f o r  about one-third of each second. The height of su rge  in the g lass  tube could 
b e  controlled by l imit  s c rews  on the solenoid mechanism. Several s ample r  in- 
takes of g lass  tubing were made  and tested. (See F ig .  5. ) 

The sedimentation j a r  was filled with tap water  and with sufficient sediment 
t o  give a concentration of 1,000 o r  10,000 ppm of the  desired s ieve-size range. 
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FIG. 5 - INTAKES TESTED FOR SEDIMENT DEPOSITS 



The mixer was operated for a few minutes to place the sediment in suspension. 
The intake nozzle of the sampler  was submerged 1 in. below the surface of the 
water- sediment mixture for  a timed interval of 1, 3, 5, 10, o r  30 min. During 
the interval, water-surface surges of 1/2,  1, o r  2 in. were maintained in the 
sampler intake. At the end of the time interval the intake was quickly capped; 
the sampler  was removed from the jar; and the sediment deposit in the intake 
was washed out, dried, and weighed. 

14. Presampling deposits in the intake--Intake deposit data were obtained 
for  c ~ n c e n t r a t i o ~ ~ s  of 10,000 ppm of 125- to  250-micron sediment and of 1,000 
ppm of 62- to 125-micron sediment. (See Figs. 6 and 7; a l so  Table 1, in the 
appendix. ) The data a r e  somewhat inconsistent because (1) the sedimentation 
apparatus was not adequate to  maintain a uniform concentration at the intake 
nozzle, (2) the cycle of accumulation and flushing of sediment in the nozzle was 
erratic,  and (3) the intake was not always capped at the same point in the cycle. 

The deposit in intake 1A (Fig. 5) was large  and varied with length of surge 
(Fig. 6). The deposit probably builds up to a maximum that i s  limited by the 
capacity of the horizontal section of the intake. As the intake fills with sediment, 
the velocity over the sediment deposit is locally increased by the constriction 
until no further  deposit occurs o r  until the addition to the deposit becomes very 
slow. The t ime required for  a given deposit to  accumulate was grea ter  if the 
sediment concentration was low, but at the end of 10 min. the accumulation was 
equal to  about 10 percent of the sediment in a one-pint sample f rom the jar. 
(See Figs. 6 and 7. ) 

A reduction in length of the horizontal section at the outer end of the intake 
resulted in a reduction of the sediment deposit. (See Fig. 6. ) The angle of 
repose with surge  in the intake seemed to  be l e s s  than 20°, and the sediment 
deposit was greatly reduced if the horizontal section was inclined downward 
only 10'. 

The concentrations in samples collected after the intake had been submerged 
for  10 min. were compared with those in check samples that were not subject to  
presampling deposits in the intake. (See Fig. 8, also Table 2. ) If the intake had 
a horizontal o r  nearly horizontal section, significant e r r o r s  were caused by pre-  
sampling deposits that washed into the sample. 

15. Elimination of presampling deposits in the intake--Enrichment f rom 
presampling deposits in the intake can be prevented by making the horizontal 
section of the nozzle very  short, by eliminating it, o r  by inclining the intake 
nozzle downward. The intake designs finally adopted a r e  shown in Figs. 39 to  
42. The intakes for  high velocities were not inclined downward a t  a s  steep 
angles a s  those for  low velocities, because large surges  associated with high 
velocities tend t o  limit intake deposits. 
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Report F showed that deposits of sediment were  insignificant in  the nozzle 
of the U. S. P-46 sample r  even though it was submerged p r io r  t o  sampling. T e s t s  
of the P-46 indicated that a valve in the intake prevented sediment deposit in the 
intake. Probably, however, a valve in  the a i r  exhaust of a single-stage sample r  
would be  ineffective because the volume of a i r  in  the bottle would contract and 
expand sufficiently t o  allow su rges  in the intake. 

16. Orientation of intake nozzle--Fig. 3 of Report No. 6 indicates that f o r  
angles u p t o  30" the deviation of the intake f rom the exact angle of the approaching 
streamflow has l i t t le  effect on the sampling accuracy even f o r  coa r se  suspended 
sediment. The angle of approach i s  not l ikely t o  introduce e r r o r s  in  sampling 
if the intake points approximately into the flow. 

Some t e s t s  of the effect of intake orientation were made with the equipment 
described in  Section 13. They show a wide range of sampling e r r o r  (Fig. 9) f o r  
different intakes. The horizontal velocities in  the ja r  were only about 1 fps, but 
the turbulence was intense. The data f o r  samplers  2A to  2E of Fig. 9 a r e  fo r  
intake velocities equal t o  the velocities a t  the sampling point. F o r  s ample r s  2F 
to  2H the intake velocities were about 1.8 fps, o r  rlearly twice the velocity at the 
sampling point. F o r  vertical-intake samplers ,  such a s  2H and modifications 2F 
and 2G, changes f r o m  1 t o  1 .8  fps  in intake velocity did not make major  differences 
in  sampling accuracy a t  s t r e a m  velocities of about 1 fps  and f o r  sediments  s m a l l e r  
than 250 microns. However, an  intake velocity of 1 fps  i s  too low to  r a i s e  coa r se  
sands through the ver t ica l  intake satisfactorily.  

F o r  s t r e a m  velocities near  1 fps, the effect of orientation of the intake 
opening is fa i r ly  well defined by Fig. 9. The effect f o r  high velocities and f o r  
medium and coa r se  sands i s  not defined. Report No. 5 indicates that sampling 
efficiency is likely t o  decrease  a s  the sediment s i z e  increases .  Also, the sam-  
pling efficiency of a ver t ical  intake probably decreases  a s  the s t r e a m  velocity 
increases .  

The  vertical- intake sample r s  a r e  not dependably accura te  f o r  sediments much 
c o a r s e r  than 62 microns  unless the sampling accuracy  can b e  established f o r  the 
given sampling conditions. Fig. 9 (2F t o  2H) and Fig. 28 of Report No. 5 indicate 
that vertical-intake sampling will be reasonably accurate  f o r  sediments  f iner  than 
62 microns.  Actually, Fig. 28 of Report No. 5 may  not apply direct ly  because 
conditions around the intake of the single-stage sampler  a r e  abnormal.  If the 
intake nozzle is ei ther  ups t ream o r  downstream f rom the bottle, the velocities at  
the sampling point will be  low; and i f  a t  the side, the velocities will be  high. De- 
pa r tu re s  f rom the normal  will be  especially significant at  high s t r e a m  velocities. 
Usually the intake 'will b e  upstream f rom the bottle, and sampling in  that position 
may  be  sat isfactory even f o r  sediments coa r se r  than 62 microns.  

In excessively turbulent flow the orientation between sampler  and flow va r i e s  
rapidly s o  that horizontal and vertical,  o r  combinations of, intake angles have 
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only a very  general influence. If s ample r s  a r e  enclosed in shielding devices, the 
s t r e a m  conditioizs may  not be  representat ive of those a t  the s ample r  nozzle. 

17. Ratio of intake to  s t r e a m  velocity--Ideally, the velocity in the intake 
rlozzle should be the s a m e  a s  that in  the approaching filament of streamflow, and - 
the intake should point direct ly  into the approaching flow. Any departure f rom 
the ideal may  introduce sampling e r r o r s ,  because the s t reaml ines  bend at the t ip 
of the nozzle and because the sediment par t ic les  tend to  migra te  f rom the i r  r e -  
spective fi laments of flow. If the intake points direct ly  into the  flow, the intake 
rat io  i s  an indication of the degree of bending of the s t reamlines.  

When the intake ra t io  is not unity, the sampling e r r o r s  depend on the sedi- 
mentation s ize  of the part ic les ,  the intake ratio,  the s t r e a m  velocity, and the 
nozzle diameter.  The nozzle diameter  i s  not cr i t ical  within the l imits  of usual 
nozzle s izes ,  and only data f o r  nozzles having a 3116-in. inside diameter  will be  
presented. ~ e ~ o r t ' ~ o .  5 covers  intake efficiency in detail. Data f r o m  that repor t  
and f r o m  some special t e s t s  were used to define Figs.  10 t o  12, which show sam-  
pling e r r o r s  for  th ree  s i ze s  of sediment and f o r  a range of s t r e a m  and intake 
velocities. The e r r o r s  should be adequately defined fo r  s t r e a m  velocities of 3, 
4, and 5 fps  even though many of the original data were f o r  a 114-in, nozzle. 
The extension of the relation to velocities g rea t e r  than 5 fps  is based on the 
special t e s t s  reported in  the next section and may be inexact. Extensions t o  
velocities l e s s  than 3 fps a r e  likewise questionable, but two considerations l imit 
the e r r o r s  at low velocities:  (1) The intake ra t io  of the single-stage sample r s  
usually exceeds unity at  s t r e a m  velocities l e s s  than 3 fps, and sampling e r r o r s  
a r e  relatively smal l  when the intake rat io  i s  g rea t e r  than unity. ( 2 )  Normally, 
sampling e r r o r s  increase  a s  sediment s i ze  increases ,  but l a r g e  concentrations of 
the coarse  sands will not b e  in suspension at velocities much l e s s  than 3 fps.  

18. Special high-velocity tests--Data of Report No. 5 were  supplemented by 
a s e r i e s  of special t e s t s  in  an open flume; turbulent velocities were about 8 .5  fps, 
and the mean sedimentation s i ze  was 550 microns.  The  t e s t s  were  made  in the 
hydraulic laboratory of the Colorado State University at  F o r t  Collins, Colo., in 
May 1959. The tes t  equipment was not designed and constructed s o  elaborately 
a s  that on which Report No. 5 was based; but the resul ts ,  though somewhat e r ra t ic ,  
were usable. (See F igs .  1 3  and 14. ) 

At intake rat ios  of 0 .4  and smal le r ,  the samples  were e r r a t i c  and some sam-  
ple concentrations were much too low. The samples  were taken out over the top 
of the flume, and at intake rat ios  of l e s s  than 0 .4  the sediment did not keep moving 
uniformly f rom the nozzle to  the point of sample collection. Vert ical  intakes did 
not sample  at  8. 5-fps velocity because cavitation behind the vert ical  tube allowed 
a i r  to enter  the intake. 

Results of the special t e s t s  may  be  compared with those for  450-micron (0.45- 
mm) sediment of Report No. 5. The special t e s t s  showed that a t  an  intake ra t io  of 
unity a smoothed (o r  slightly flattened) horizontal nozzle sampled 5 percent high in  
550-micron sediment. 



Stream velocity -- f ps  

FIG. 10- ERROR IN CONCENTRATION OF A SEDIMENT SAMPLE AS 
A FUNCTION OF INTAKE AND STREAM VELOCITIES, 

450-  MICRON SEDIMENT 

Stream velocity -- bps 

FIG. I I - ERROR IN CONCENTRATION OF A SEDIMENT SAMPLE AS 
A FUNCTION OF INTAKE AND STREAM VELOCITIES, 

150 - MICRON SEDIMENT 
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S t r e a m  velocity -- fps 

FIG. 12- ERROR IN CONCENTRATION OF A SEDIMENT SAMPLE 
AS A FUNCTION OF INTAKE AND STREAM VELOCITIES, 

62-MICRON SEDIMENT 

19. Intake-velocity calibration of single- stage samplers- -The primary 
sampling ra tes  for  various single-stage samplers  (Figs. 15 and 16) were ob- 
tained by calibration in a flume where water temperature and velocity of flow 
were known. The velocity in the flume was determined with a smal l  Pr ice  
current meter .  Intake velocity was computed from the ra t e  of sample collection 
and the a r e a  of nozzle tip. Because the maximum depth of submergence was only 
a few inches, the sampler  was lowered rapidly to the sampling depth, held for  
the desired time of sampling, and then raised rapidly to  the water surface. 
(When the depth of submergence was l e s s  than that necessary to  s t a r t  sampling, 
the procedure was modified. The sampler  was lowered sufficiently to  s tar t  
sampling, then raised to the  proper sampling depth, and hekd for  the remainder 
of the sampling time. ) The recorded stat ic  head was the difference in elevation 
between the water surface and the inner end of the intake. The flow velocity of 
interest  in the calibration is that at the sampling point; i t  will be called flume 
velocity. Generally, at low flume velocities the static head was the most effec- 
tive, but at high velocities the velocity head was the most effective. Except for  
vertical-intake samplers, the intake was always pointed upstream. Calibration 
data f o r  water temperatures of about 37" and 73' F a r e  shown in Tables 3 and 4, 
respectively, and data for  several  samplers  a r e  plotted in Figs.  17 t o  21. Be- 
cause of the methods of placing the samplers  in the flow, these t e s t s  represent 
a broader combination of s tat ic  heads and flume velocities than field sampling 
will represent.  Calibration at abnormally deep submergence has no direct 
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intake velocit 
Velocity ratio = veloci+~ 

FIG. IS  - SAMPLING ACCURACY OF 3/16" HORIZONTAL INTAKE NOZZLES 

(SAMPLING VELOCITY 8.5 FPS; 5 5 0  M I C R O N  S E D I M E N T )  

Velocity ratio = flume velocity 

FIG. 14 -- SAMPLING ACCURACY OF NOZZLES INCLINED 20° DOWNWARD 

( S A M P L I N G  V E L O C I T Y  8.5 FPS;  5 5 0  M I C R O N  S E D I M E N T )  
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ALTERNATE INTAKES FOR SAMPLER 'x' 

ALTERNATE INTAKES FOR SAMPLER "F" 

ALL  DIMENSIONS IN INCHES 

FIG. 15- SAMPLERS FOR INTAKE CALIBRATION, 
TYPES 3 A  T O  3 K  
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ALL 81 

ADDITIONAL VALVE 
IN SAMPLER N 

I 8 i  
(VALVE -TYPE SAMPLERS) 

ALTERNATE INTAKES FOR SAMPLER P 

MENSIONS IN INCHES 

FIG. 16 - SAMPLERS FOR INTAKE CALIBRATION, 
TYPES 3L TO 3 U  



Sampler 3 A  3 B  3 C  30 3E 

Average curves for sampler 3 A  
-- 
-------- 37°'F(points not plotted) 
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Flume velocity --f ps  

FIG. 17 - CALIBRATION O F  LOW-VELOCITY SAMPLERS, 

T Y P E S  3 A  T O  3 E  
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Flume velocity -- f p s 

FIG. 18 - CALIBRATION OF MEDIUM-VELOCITY SAMPLERS, 

TYPES 3F  TO 3 K  
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I 2 3 4 5 6 8 9 
Flume velocity -- f p s 

FIG. 19 - CALIBRATION O F  HIGH-VELOCITY SAMPLERS, 

T Y P E S  3R, 3S, 3-$, AND 3 0  
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FIG. 20- CALIBRATION OF VERTICAL-  INTAKE SAMPLERS, 

T Y P E S  3 L  AND 3M 

2 3 4 5 6 7 
Flume velocity -- f ps  

I 

0 I 2 3 4 5 6 7 8 9 10 
Flume velocity -- f p s 

FIG. 21 -CALIBRATION O F  V A L V E - T Y P E  SAMPLERS, 
T Y P E S  3N  A N D  30  
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application to normal sampling but indirectlyhelps to  define intake velocities at 
some normal combinations of static head and flume velocity. Data obtained by 
starting sampling action and immediately changing to a l e s s e r  submergence, 
which is maintained for  the remainder of the sampling time, show what happens 
when the average submergence is l e s s  than the starting submergence because 
of water- surface surges. 

The intake velocity of a horizontal-intake sampler  depends on the total of 
static head and velocity head during sampling. At the moment sampling i s  es-  
tablished, the total, o r  sampling, head is the difference in elevation between 
the crown and the inner end of the intake. If the velocity i s  zero, the total head 
i s  the stat ic  head, and sampling s t a r t s  when the water surface r i s e s  t o  the eleva- 
tion of the intake crown. 

F o r  the range of flume velocities over which the heavy horizontal ( ze ro  
surge) line of Figs. 17 to 19 extends, the elevation at which sampling will s t a r t  
depends on the flume velocity. At higher flume velocities the velocity head 
exceeds the height of intake invert, and sampling begins when the nozzle f i r s t  
becomes submerged. At these high velocities the static head becomes relatively 
l e s s  important, the intake velocity is a function of the flume velocity, and sam- 
pling is intermittent from near the surface. (See the heavy broken lines of Figs. 
17 to  19. ) Sampling from the water surface s t a r t s  at lower flume velocities and 
i s  at higher intake ratios when the intake invert (BC - of Fig. 3) i s  short.  

F o r  a given temperature each sampler  has a single characteristic sampling 
velocity o r  a normal velocity. The normal sampling velocity i s  the intake veloc- 
ity a t  which sampling s tar t s ;  a lso  the sampling velocity in stil l  water without 
surge; and, approximately, the sampling velocity for  all continuous sampling 
without surge. The calibration data show that for  a 3116-in. intake the normal 
sampling velocities at 55' F a r e  2.25 (Fig. 17) and 2. 7 fps (Fig. 18, sampler  
3F) f o r  sampling heads of about 4 and 8 1 / 2 i n  . , respectively. F o r  an intake 
that i s  114 in.,  except at the tip which i s  3/16 in., the normal sampling veloc- 
ities a r e  4.8 (Fig. 18, sampler 3G) and 5.5 fps (Fig. 19) for  sampling heads of 
8 1 / 2  and 20 in.,  respectively. 

A l a rge  increase in intake velocities can be obtained by using an intake tube 
114 in. in diameter and a short nozzle 3/16 in. in diameter.  A tube s i ze  of 5/16 
in. further  increased intake velocities, but the tubes did not always sample prop- 
er ly  because of incomplete siphon action. 

Minor changes in the outer end of the intake did not change the calibration 
significantly. Pointing the intake l o 0  o r  20° downward made only slight differences. 
Increasing the length of the nozzle extension reduced the intake velocity only 
slightly. 

Fig. 20 shows calibration data fo r  vertical-intake samplers .  Lines of normal 
sampling velocity and lines of velocities fo r  sampling with surges a r e  shown for  
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the U. S. U-59A sample r  when the intake was ups t ream f rom the bottle. (The 
U. S. U-59 s e r i e s  of samplers  is shown in detail in  F igs .  39 to 42.) The cali- 
brations of Figs .  17, 18 (3G), 19, and 20 a r e  assumed to  apply direct ly  t o  the 
U. S. U-59B, U. S. U-59C, U. S. U-59D, and U. S. U-59A samplers ,  respectively. 

Calibration fo r  valve-type samplers  (Fig. 2 1 )  i s  shown f o r  comparison with 
calibration for  the other horizontal-intake samplers .  

An example may  make F i g s  17 to  20 eas i e r  t o  understand. F o r  s ample r  3G, 
(Figs.  15 and 18) the total head at which sampling s t a r t s  i s  8 3 /8  in . ,  which i s  
the difference in elevation between the crown and the  inner  end of the intake. 
The  minimum s ta t ic  head i s  1 3 /8  in. when the intake nozzle i s  just submerged. 
F o r  the 8 318-in, sampling head the intake velocity in  s t i l l  water a t  55O F i s  4. 8 
fps--extrapolated f rom 4. 7 a t  a s ta t ic  head of 8 in. F o r  a water tempera ture  of 
55" F and any flume velocity up to  6 fps the intake velocity will be 4. 8 fps (with- 
out water-surface surges) .  F o r  sampling in  s t i l l  water the water sur face  is at 
the crown of the intake; but a s  the flume velocity increases ,  the water-surface 
elevation fo r  sampling becomes lower by the velocity head corresponding t o  the 
flume velocity. At a flume velocity just g rea t e r  than 6 fps the velocity head is 
7 in. (equal to  the height of the outer l eg  of the intake), and sampling will s t a r t  
as soon a s  the water sur face  covers  the intake. At higher flume velocities the 
sampling head i s  the  velocity head of the flume flow plus a constant s ta t ic  head, 
and the intake velocity increases  rapidly a s  flume velocity increases .  F o r  s am-  
p l e r  3G the intake velocity appears  to equal the f lume velocity at  10 fps. The 
two could not be  equal if the intake were of uniform s i z e  throughout. The  velocity 
i s  10 fps only in  the 3116-in. nozzle tip and about 6 fps  in the 114-in. main par t  
of the intake. 

20. Sampling f rom a surging water surface-  -In a surging water sur face  
th ree  types of sampling can occur.  The type depends on the relation of s ample r  
design to  s t r e a m  conditions. (See Fig. 22.  ) 

If the velocity head B i s  g rea t e r  than the height A of the intake invert, the 
sample is collected inteFmittently f rom water near  the  surface; it consis ts  of 
smal l  increments  f rom the tops of the highest water-surface surges.  The  sam-  
pling head approximately equals the velocity head (actually the sampling head i s  
the velocity head plus the difference between C and A), and the intake velocity i s  
a function of the s t r e a m  velocity. Sampling s t a r t s  2 an  average water- sur face  
elevation about half of the su rge  height - S below the outer  end of the intake. 

If A i s  g rea t e r  than B + S, sampling is continuous, Sampling s t a r t s  a t  a 
point  and continues until the sample i s  complete. The  intake nozzle is below 
the bottom of the surges .  The average sampling head i s  approximately C - - - S/2. 
Sampling s t a r t s  a t  an  average water-surface elevation a t  a distance approximate- 
l y  B + S/2  below the crown of the intake. The s t r e a m  velocity that s t a r t s  sam-  - - 
pling i s  probably g rea t e r  than the average during sampling. 



A = height of outer l eg  of in take 

8 = velocity head 

C = height of inner leg of intake 

S = height of water -surface surge 

///= sampled port ion 

FIG. 22- SAMPLING FROM A SURGING WATER SURFACE 
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A third type of sampling that is intermediate  between the other two occurs  
when A i s  g rea t e r  than B but l e s s  than B + S. E r r o r s  caused by acceleration 
and deceleration, by nozzle deposits, and by low concentration in  the intake can 
be  disregarded f o r  a single cycle of sampling. However, e r r o r s  may b e  signif- 
icantly la rge  and unpredictable f o r  severa l  cycles of sampling. 

Figs .  17 t o  20 show the relation of intake velocity and flume velocity f o r  a 
water tempera ture  of 55" F and fo r  different water-surface surges .  Data of 
Fig. 19 a r e  used f o r  illustration. The sample r s  had an inner leg height C of 
20 in. and an outer  leg  height A of 18 in. (nomenclature of Fig. 22). FO; a 
su rge  of 1 6  in. the average sampling head was 20 - 1612, o r  12 in. , and the 
intake velocity was 4. 25 fps  a t  ze ro  flume velocity. F o r  an intake su rge  of 8 
in. the average sampling head. was 20 - 812, o r  16 in., and the intake velocity 
was 4. 9 fps by interpolation between the intercepts  of the 55" F calibration 
curves f o r  s ta t ic  heads of 1 2  and 20 in. on the  ze ro  f lume velocity line. The 
4. 9 fps was the intake velocity f o r  a l l  continuous sampling a t  a surge  height of 
3 in., and sampling was continuous (second condition of Fig. 22) fo r  a l l  f lume 
velocities below 7 .  3 fps. The  velocity head at 7. 3 fps  i s  10 in . ,  which added 
to  an  8-in, su rge  was equal to  the height of the outer leg of the intake. 

Horizontal l ines  f o r  other su rges  were drawn in s imi l a r  manner,  and each 
represents  an intake velocity f o r  continuous sampling over a range of f lume 
velocities. Betweer, ze ro  and maximum surges,  the heavy broken l ine was 
defined by the maximum flume velocity fo r  continuous sampling at different 
surges-- that  is, the f lume velocity for  which the corresponding velocity head 
added to  the surge  height equaled the height of the outer leg  of the intake invert .  
At ze ro  surge  the velocity head alone (9.8-fps f lume velocity) equaled the height 
of the outer l eg  of the intake. Thus, between f lume velocities of 7. 3 and 9. 8 fps, 
sampling was of an  intermediate  type (third condition of Fig. 22); the intake 
velocities increased  slowly a s  the flume velocities increased; and a sample was 
composed of m o r e  and sma l l e r  increments  a s  the f lume velocity increased.  At 
flume velocities l a r g e r  than 9. 8 fps ,  sampling s t a r t s  whenever the water sur face  
covers  the outer end of the intake, sampling i s  f rom the tops of the water- 
sur face  su rges  only, and the relation of intake velocity and flume velocity i s  the 
s a m e  fo r  a l l  su rges  ( f i r s t  condition of Fig. 22). F o r  flume velocities exceeding 
9. 8 fps,  the heavy broken line was obtained f r o m  5. 5-fps intake velocity and 
9.8-fps fiume velocity, and it was extended upward a s  an  extrapolation of the 
calibration data fo r  higher s ta t ic  heads down to  a s ta t ic  head of about 2 in. (the 
difference in elevation between the intake nozzle and the inner end of the intake). 

21. E r r o r s  in p r i m a r y  sampling--In Figs.  23-25, e r r o r s  in concentration 
t o  be  expected of horizontal-type sample r s  U. S. U-59B, U. S. U-59C, and U. S. 
U-59D, respectively, a r e  plotted against the velocity at  the sampling point. The 
e r r o r s  a r e  the effects of unfavorable intake velocity o r  nozzle orientation on the 
p r imary  sample. These  e r r o r s  were computed f r o m  data of Fig. 17 sampler  
38,  Fig. 18 sample r  3G, and Fig.  19  sampler  3R together with Figs.  10 t o  12. 
As  an example, consider sampler  3G of Fig. 18: F o r  a s t r e a m  velocity of 4 fps  
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Intermittent sampling 

From tops of surges only 

Range of errors at 2" surge 

0 I 2 3 4 5 0 I 2 3 4 

Stream velocity a t  sampling point --f ps 

SAMPLER US U-59A SAMPLER US. U-59B 

FIG. 23 - SAMPLING ERRORS FOR LOW- VELOCITY SAMPLERS 



Continuous sampling 
--- Intermittent sampling 
------..-- From tops o f  surges only 
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Stream velocity at sampling point -- f p s 

FIG. 24 - SAMPLING ERRORS FOR MEDIUM-VELOCITY 
SAMPLER, U.S. U-59C 
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Stream velocity at sampling point - - fps 

FIG. 2 5 -  SAMPLING ERRORS FOR HIGH-VELOCITY 
SAMPLER, U , S  &I-59D 



and a water-surface surge  of 4 in. the intake velocity is 4. 3 fps a t  55" F ;  and if 
temperature corrections a r e  made, the intake velocities a r e  4.0 and 4.7 fps at 
37O and 73" F, respectively. F rom these intake velocities and Fig. 11 the e r r o r s  
for  a s t ream velocity of 4 fps, 4-in. water-surface surge, and 150-micron sedi- 
ment a r e  0, - 1.5, and - 3  percent at 37", 55", and 73O F, respectively, a s  shown 
in Fig. 24. 

E r r o r s  in concentration for  vertical-intake samplers  were estimated from 
Report No. 5 and from a few tes ts  made recently (Fig. 9). 

The expected e r r o r s  of Figs. 23 to  25 a r e  those of the sample in relation t o  
the concentration at the sampling point. The percentage e r r o r  for  the total 
sample may be much l e s s  than that shown for  the coarse  sediments if  the total 
sample contains only a small  portion of coarse sediments. The correction t o  
the sample to  obtain the s t r eam concentration i s  not numerically the same a s  
the e r r o r s  shown in Figs. 23 to 25. At low corrections the difference i s  minor; 
but if the indicated e r r o r  fo r  the sample i s  +20 percent, the concentration in the 
sample i s  1.2 t imes that in the stream. However, the sample concentration 
should be reduced by 16.7 percent to  obtain the concentration in the s t ream at 
the sampling point. Corrections can be made only if the s t r eam velocity at the 
t ime of sampling i s  known within reasonably close'limits. 

Suppose sampler  3R (o r  a U. S. U- 59 D sampler) , is  used in a s t ream having 
a temperature of 65" F and a velocity of 7 fps a t  the sampling point. What will 
be  the e r r o r  in sampling 250-micron sediment i f  the water-surface surge i s  6 
in. ? F r o m  Fig. 25 the e r r o r  for  a 6-in. surge and 450-micron sediment at 55O 
F i s  +11 percent. The temperature correction is -2 percent from 55' to 73O F 
(the temperature effect i s  about the same  for  all  surges)  s o  65" F gives an e r r o r  
of +10 percent. Similarly, the e r r o r  f o r  150-micron sediment is +8 percent,  
The concentration of 250-micron sediment in the sample will be 9 percent high 
and should be reduced by 8 percent to  obtain the concentration a t  the sampling point. 

The e r r o r s  shown in this section a r e  expressed precisely because they a r e  
fo r  sampling conditions that a r e  known exactly. However, corrections for  e r -  
r o r s  in field sampling may not be justified because the conditions at the t ime of 
sampling a r e  not Known hccurately o r  because e r r o r s  other than those of the 
pr imary  sample a r e  large.  

22. Circulation through the sampler--If, af ter  the original sample is taken, 
the difference in pressures  between the nozzle and exhaust port exceeds the 
resistance to flow through the sampler,  water-sediment mixture will enter the 
port having the higher p ressu re  and discharge from the other port. The forces 
that r e s i s t  flow through the sampler  a re :  (1) inertia of the fluid, (2) friction, 
and (3)  unequal pressures  in the two legs of the inverted U-tubes. The inertia 
of the fluid i s  effective only against a rapid acceleration o r  deceleration of flow 
and may be disregarded. Similarly, friction merely re tards  flow and cannot 
prevent circulation if  flow i s  incipient. There i s  no static resistance to flow 
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through a U-tube if the tube i s  completely filled with ei ther  a i r  o r  water.  Be- 
cause the intake is full of water a t  the  t ime  of sampling and may  be  full a t  other  
t imes,  it does not offer any dependable res i s tance  t o  circulation. 

Circulation can  occur if  the p re s su re  difference between nozzle and exhaust 
port exceeds the  resis tance of the a i r  exhaust to  flow. When the water su r f ace  
i s  just below the  outer end of the a i r  exhaust, a velocity head g rea t e r  than DE 
of Fig. 3 will cause circulation. If a t  any t ime  during submergence of both- 
nozzle and exhaust port  the unbalance of velocity heads on horizontal por t s  ex- 
ceeds DE, circulation may occur. When the exhaust port  is submerged, an  a i r  
bubble% trapped in the inverted U-tube. The bubble will not be  lost  unless 
circulation occurs .  However, deep submergence reduces the volume of the 
bubble--5Opercent reduction at a submergence of 32 ft. If the bubble becomes 
too short  t o  fi l l  the outer leg  of the exhaust, the head required to  s t a r t  c i rcu-  
lation becomes l e s s  than - DE of Fig. 3. 

Horizontal velocity ac ros s  an intake nozzle pointed vert ical ly  downward will 
c rea te  a negative p r e s s u r e  that may  approach the velocity head. Both intake 
and exhaust openings should point in  the s a m e  direction t o  avoid unbalanced 
p re s su res  when the sampler  i s  fully submerged. 

Circulation of water-sediment mixture through a sampler  can resul t  in 
greatly increased  concentrations of sediment in the sample. At the t ime of 
circulation, the sediment concentration in  the s t r e a m  is probably a s  high o r  
higher than a t  the  t ime the original sample was taken. The water that en t e r s  the 
sampler  during the circulation cycle has  about the s a m e  sediment content a s  the 
s t ream;  but in  the comparatively s t i l l  water in the sampler ,  much of the  sedi- 
ment se t t les  t o  the bottom. The water-sediment mixture that escapes f r o m  the 
sampler  is relatively c lear  water f r o m  the top of the sample. Consequently, the 
original sample  will be  enriched, especially in the coa r se  s i ze s  of sediment.  

Circulation may  not be detectable in  the  sample  because the volume is un- 
changed; therefore,  every possibility of circulation should be  eliminated. 

23. Prevention of circulation- - Circulation of water- sediment mixture 
through the sample r  can be  prevented by making the height of the a i r  exhaust 
invert  g rea t e r  than the  maximum possible differential  head between the intake 
and exhaust ports .  Velocity heads corresponding to  various velocities a r e  shown 
in Fig. 26.  The a i r  exhaust could be  subject to  a differential p r e s s u r e  equal t o  
the velocity head at the intake nozzle s o  that the height DE of Fig. 3 should ex- 
ceed by a reasonable margin of safety the maximum velocity head just before 
the a i r -  exhaust port  i s  submerged. 

Valves a r ranged  a s  shown in s ample r s  3N and 3 0  of Fig. 16 have been 
used to  prevent circulation. Although most  valves make an  undesirable ob- 
struction if used in the  intake, a self-closing valve can be used in the a i r  ex- 
haust. The  valves were intended t o  allow the escape of a i r  through the exhaust 
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V eioci t y  head - - f t  
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V e l o c i t y  head -- in. 

FIG.  26- VELQCI  f Y HEAD 

but to prevent the passage of water. One type of self-closing valve was tested 
extensively, and other ideas and designs were investigated; but none were 
satisfactory. Sometimes the valves closed prematurely because of the high 
a i r  velocities in the exhaust, and sometimes th.ey failed t o  close completely. 
Even though the valve closed prematurely, it generally leaked; therefore,  the 
volume of sample was normal ,  but some of the sample was collected at an 
abnormally low intake velocity. The use  of a valve in the exhaust does not 
allow reduction of the height of intake invert  and does not reduce accretion to  
the sample  during submergence subsequent t o  sampling. 

A suggestion to  point the intake upstream and the exhaust downstream t o  
inc rease  the p re s su re  on the valves and seat  them secure ly  w a s  investigated. 
The problems (1) of increasing the intake-invert height t o  prevent intermittent 
sampling, (2) of water-surface drawdown a t  the exhaust port  a t  high s t r e a m  
velocities, and (3)  of maintaining the exhaust port  a t  a n  adequate height above 
the inner  end of the intake required a sampler  a lmost  a s  ta l l  a s  a sampler  with- 
out any valves. At low g t ream velocities the sample r s  often failed t o  f i l l ,  and 
at high s t r e a m  velocities the valves tested generally snapped shut before an 
adequate sample  was taken. If the exhaust pointed downstream, sampling was 
sensi t ive to  s t r eam velocity and, therefore,  was not dependable unless the 
s t r e a m  velocity was close to that for  which the sample r  was designed. The 
s tage a t  which sampling will begin i s  often difficult to  predict.  
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24. Sample changes due t o  subsequent submergence--After the p r imary  
sample has  been taken, the water sur face  in  the sample  container stands at  
approximately the elevation of the inner end of the a i r  exhaust, and the intake 
i s  full of water-sediment mixture.  Because of momentum in the filling opera- 
tion the sample will have a volume about 2 m l  g rea t e r  than that required t o  f i l l  
the sample container to  the elevation of the inner  end of the exhaust. A few 
moments l a t e r  the water in  the inner  leg of the intake may have drained into the 
bottle, but the volume of a i r  in  the sampler  i s  not changed. (The approximate 
volume p e r  inch of length i s  about 0.45 m l  f o r  a 3 /  16-in. tube and 0.8 m l  fo r  
a 114-in. tube. ) F o r  this discussion, a s sume  that the inner leg of the intake 
drains  completely. The original sample leaves an a i r  pocket of about 60 ml  if 
the inner end of the exhaust is 2 in. below the stopper.  

If the sampler  i s  submerged by a continued r i s e  in the s t r eam,  the p r e s s u r e  
on the sampler  i s  increased and the volume of a i r  between F and G (Fig. 3) is - 
reduced. As  the a i r  volume decreases  during normal  operatioh, additional 
water-sediment mixture en ters  the sampler .  When the depth of submergence i s  
decreased, the a i r  in the sampler  expands and fo rces  a i r  o r  water f rom the 
sampler .  If the height of the air-exhaust invert  i s  g rea t e r  than the height of 
the intake invert  o r  if the a i r  exhaust i s  completely closed by a valve, the ex- 
pansion will fo rce  a i r  into the intake and may  cause a i r  bubbles t o  be expelled 
a t  the nozzle. Accretion due t o  submergence subsequent to  p r imary  sampling 
can be eliminated only by completely closing both the intake and the exhaust. 

Assume that a tmospheric  p re s su re  is 32 ft of water.  

Then, 

32 Vo 
Vh = --- 

32 + h (Boylets Law) 

Vh = volume at a submergence h (h i s  in feet)  

and 
Vo = volume a t  h = 0 

This relation of volume and submergence i s  shown in Fig. 27. 

The volume of accret ion f o r  any sampler  and a single submergence cycle 
can be found f r o m  Fig. 27 by locating the a i r  volume Vo (60 ml  for  the U. S. 
U-59A and the U. S. U-59B) and following the  curves of reduction in volume out 
to the depth of submergence. At a submergence of 20 ft, the original 60 m l  has  
been reduced to  37 ml.  The accretion to  the sample--that is ,  the volume that 
will enter t o  replace the reduction in  a i r  volume--is 60 - 37 o r  2 3  ml.  

An abnormal situation can occur if the air-exhaust invert  i s  not t a l l e r  than 
the intake invert  and if the air-exhaust tube i s  not completely closed by a valve. 
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Then increased submergence causes water to  enter the sample r  through the a i r  
exhaust. If the  a i r  exhaust f i l l s  with water, su rge  enrichment can begin imme-  
diately and circulation through the sampler  may  occur l a t e r .  After submergence 
the volume of the sample may  be  normal,  although the sediment concentration in  
the original sample may  have changed radically. 

25. Accretion f rom repeated submergence--Fig. 28 shows computed accre-  
t ions t o  a sample during th ree  consecutive submergence cycles  a t  0-5, 0-10, 
0-20, and 0-40 ft f o r  the U. S. U-59B, U. S. U-59C, and U. S. U-59D samplers .  

The  computatiqn f o r  the U. S. U-59B sampler  subjected t o  t h ree  cycles at  
0-20 ft is a s  follows: The curve f o r  a Vo of 60 m l  (Fig. 27) shows an  accret ion 
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of 23 m l  at  a submergence of 20 ft. As the submergence dec reases  t o  zero, the 
accret ion does not change. However, the remaining 37 m l  of a i r  expands and 
f i l ls  the outer leg  of the intake, which has a volume of 3 ml.  The ra te  of ex- 
pansion in relation to  submergence i s  the s a m e  a s  that on the increasing sub- 
mergence  s ide  of the cycle. The a i r  volume follows the Vo = 60 m l  curve of 
Fig.  27 back to  40 m l  a t  16-ft submergence. Fu r the r  dec reases  in  submergence 
cause a i r  to  discharge f rom the sampler  intake s o  that the volume of a i r  in  the 
container at  the end of the submergence cycle will be  l e s s  than that a t  the be- 
ginning of the cycle. On a second submergence cycle the reduction in  a i r  
volume follows the Vo = 40 ml  curve. The accret ion remains  23 ml  until the 
submergence equals 2.5 f t  and then increases  t o  35 ml  a t  a submergence of 20 
ft. As  the second cycle of submergence subsides,  the accret ion remains  at  35 
m l  but the a i r  volume of 25 m l  increases  to  28 m l  a t  14-ft submergence and s tays  
a t  28 ml to ze ro  submergence. The accretion on a third cycle can be computed 
f r o m  the accretions along a curve f o r  a Vo of 28 ml.  

The following procedure i l lustrates  accret ion fo r  an i r r egu la r  cycle. After 
an  initial submergence to  20 ft, the curve f o r  Vo = 6 0 m l  s t i l l  applies. If the 
submergence subsides to  19 o r  17 ft, o r  t o  any depth g rea t e r  than 16 ft, and 
then increases  again, no a i r  i s  lost  through the intake and the  accret ion remains 
23 ml. If the submergence then increases  beyond 20 ft, the accret ion increases  
a s  though the initial r i s e  had not been interrupted. If the original submergence 
t o  20 ft had subsided to  10 f t  and then increased, the Vo curve f o r  the second r i s e  
would have been the  curve f o r  40 ml at h = 10 ft extended back t o  Vo = 52.5 ml.  
The a i r  volume fo r  additional submergence above 10 f t  would follow the Vo = 52.5 
curve. The accretion remains  23 ml  t o  a submergence of 13.5 f t  and then in- 
c r eases .  

Accretions shown in Fig.  28 f o r  the U. S. U-59C sampler  under repeated 
submergence were computed by the preceding methods except that the volume in 
the outer leg of the intake was assumed to  be 7 m l  and the original volume of a i r  
68 ml.  In the previous computations the volume of a i r  in the exhaust was disre-  
garded. The effect f o r  a i r  exhausts thathave a 6-in. invert  amounts t o  about 1 o r  
2 ml  a t  most,  and this  i s  par t ly  offset by su rges  that keep an  inch o r  two of water 
i n  the ends of intake and exhaust. As the a i r  in  the outer l eg  of the exhaust i s  
compressed,  it is replaced by water f rom the s t r eam;  and a s  the a i r  expands, 
the water re turns  t o  the s t r eam.  The water does not s t ay  in  the sampler ,  and 
the unbalance of p r e s s u r e  a t  the top of the a i r  exhaust is minor.  So the outer 
leg  of the a i r  exhaust can be disregarded. However, the compression and ex- 
pansion of a i r  in the inner leg  of the exhaust draw water into the in,take and cause 
a i r  to  be expelled a t  the nozzle. F o r  the U. S. U-59C the volume of the inner leg 
of the exhaust cannot be ignored. The volume of about 11 o r  12 m l  consists of 
about 3 o r  4 ml of water and about 8 m l  of a i r  af ter  the inner leg  of the intake 
has  drained and the exhaust has  par t ia l ly  drained. The original Vo fo r  the U. S. 
U-59C i s  60 ml  in the bottle and intake plus 8 m l  in the exhaust, and the accre-  
tion i s  based on 68 ml minus Vh. 
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Similar procedures ,  with a Vo of 78 ml,  were used t o  compute accret ion 
f o r  the U. S. U-59D sampler .  

26. Apparatus fo r  studying accret ion t o  the sample- -Although many of the 
effects of p r e s s u r e  on submerged single-stage sample r s  seemed to be obvious, 
other effects could not be predicted accurately.  Therefore,  a p re s su re  tower 
was constructed t o  permit  observations of the action of the sample r s  under con- 
ditions approximating those in a r iver .  (See Fig. 29. ) A 18-in. pipe tee  was 
attached to  the bottom of a 12-in. standpipe 20 ft long. Two opposite ends of 
tile tee  were  covered with 3/4-in. plexiglas windows to  permit  observation. 
Two 6-in. pipes were welded into the other s ides  of the t ee  s o  that a horizontal 
jet could discharge paral le l  to the windows. 

River water was supplied to  one 6-in. connection through an  elbow me te r  
i n  which the flow could be  measured.  Valves controlled the supply and the dis-  
charge. The horizontal jet could discharge f ree ly  a c r o s s  the tee, o r  the p re s -  
s u r e  cou1.d be built up by part ly  closing the outlet valve s o  that water would r i s e  
in  the standpipe. The water-supply portal could be  modified f rom a 6-in. di- 
ame te r  to  an  elongated orifice. The sample r s  were introduced at the top of the 
standpipe, lowered to  the test  location in  the 18-in. tee, and supported in  place. 

Sediment could not be  circulated in the  p r e s s u r e  tower. The effects of 
velocity, surge,  and submergence were observed in t e r m s  of a i r  and water 
elevations and su rges  in the intake and exhaust tubes of the sampler ,  The  
pressure- tower  turbulence, a s  shown by variations in velocity head, was of the 
magnitude expected in a s t ream.  The eddies were s m a l l e r  than those in most  
s t r eams .  

27. Computed and experimental accretion--Fig. 30 shows curves of com- 
puted accret ion f o r  sampler  3L of Fig. 16 and fo r  a special sampler  that was 
s imi l a r  to  sampler  3A of Fig. 15 except that the a i r  exhaust extended only 
1 3 / 4  in. below the  bottle stopper and the intake extended 1 in. below the stopper 
The  accretions determined in the t e s t  tower ( s ee  Sec. 26) f o r  sampler  3L were 
almost  identical with those computed f rom Fig. 27, The accret ions f o r  s ample r  
3 F  in the test  tower a r e  2 and 3 m l  g rea t e r  than the computed accret ions fo r  
sampler  3L for  the  second and third submergence cycles, respectively, because 
the computations did not include the volume in the a i r  exhaust, which i s  about 5 
o r  6 ml  g rea t e r  than that in  the inner leg of the exhaust of sampler  3L. The  
t e s t s  proved the validity of the computation procedures .  

The test  data f o r  the special sampler  a l so  followed the computed accret ion 
closely. An accret ion of only 23 ml ra i sed  the sample  sur face  to  the inner  end 
of the intake, When submergence that had produced an  accret ion of 23 m l  o r  
m o r e  subsided, the accret ion fel l  back to  23 ml.  After the  sample  reached the 
inner  end of the intake, it was unreliable because of s u r g e  enrichment. 
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Computed for special sampler 
Test data for sampler 3 L  

+ Test data for sampler 3F 
X x Test data for valve-type sampler 

First cycle Second cycle Third cycle 

Submergence - - f t 
FIG. 3 0 - T E S T  TOWER DATA ON SAMPLE ACCRETION 

Samplers having valves in the exhaust were a lso  tested for  accretion (3N 
of Fig. 16). Generally, the valves did not close tightly; and if the closure was 
incomplete and if the exhaust invert was relatively short,  the samplers  filled 
rapidly and erratically. The x points of Fig. 30 were f rom the test  for  which 
valve operation was the most satisfactory. When the valves closed completely, 
the test data followed the solid curve a s  they did on the increasing submergence 
part  of the f i r s t  cycle. However, the valves leaked and permitted part  of the 
sample to  discharge through the a i r  exhaust whenever the submergence decreased. 
Near the end of the increasing submergence part of the third cycle, the valves 
failed completely. Sometimes the v a l v e  s failed on rising submergence and 
sometimes on falling submergence. In field sampling, failure of the valves 
probably could not be detected. Whenever water enters  o r  discharges through 
the exhaust, the sample may be quickly ruined by surge  enrichment. 

Table 5 shows the basic data for Fig. 30 and additional test data for  other 
conditions. If allowance is made for  variations in intake drainage, the test  
data check the computed accretions within the probable accuracy of the accre-  
tion measurements. The volume of accretion can be kept small  by making the 
original a i r  pocket in the container small, but such a solution increases the 
possibility of surge  enrichment, which i s  a f a r  more  critical source of e r ro r .  
(See Secs. 30 to 32. ) 
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An accret ion of 53 ml  in  any of the samplers  of Figs .  15 o r  16 r a i s e s  the 
sample  t o  the  inner end of the intake and causes the intake t o  fi l l  with water.  
Then intakes having inverts  only a few inches high quickly fi l l  with water,  but 
intakes having higher inverts  can withstand grea te r  depths of submergence. Any 
sample  that has  reached the inner  end of the intake i s  of questionable accuracy; 
and if the intake invert i s  low, su rge  enrichment has  probably occurred.  Al- 
though submergence can r a i s e  the water surface above the inner end of the intake, 
the water  sur face  will go back to  about the inner  end of the intake when the sub- 
mergence  subsides unless t he re  i s  leakage around the top of the bottle, 

The  volume of accret ion can be determined within general l imi t s  either by 
computation o r  by measurement.  It will seldom exceed 10 percent  of the volume 
of the original sample and will usually be much l e s s .  Because the change in 
s tage of a s t r e a m  i s  relatively slow and a r i s e  of 1 ft causes only about 2 ml  of 
accretion, the water is added t o  the sample  a drop o r  two a t  a t ime. Such addi- 
tion c a r r i e s  v e r y  li t t le coa r se  sediment.  

Tempera ture  affects the a i r  volume in the sampler .  However, because a 
tempera ture  change of 50" F makes  a difference of only about 10 percent in a i r  
volume, the effect of tempera ture  has been disregarded in this  discussion. 

28, Sediment added by accretion--Concentrations of sediment that enter  
the sample r  under conditions simulating accret ion in  s t r e a m  sampling a r e  shown 
in Fig. 31. F o r  the accretion tes t s ,  sampler  3A of Fig. 15 was filled with dis- 
tilled water to  just above the inner  end of the exhaust and then immersed  in the 
sedimentation jar  described in Section 13. Three  s i ze  ranges of sediment at  
concentrations of 1, 000 and 10,000 ppm were used at different t imes ,  A su rge  
of e i ther  1 o r  2 in. was imposed on the intake. Water was slowly withdrawn 
f rom the  bottle s o  that water-sediment mixture was drawn into the  intake at a 
r a t e  of about 213 ml per  minute, which is the accret ion r a t e  fo r  a s t r e a m  r i s e  
of about 112 fpm a t  low submergence. Fluid entered the sample r  a few drops at  
a time. The average concentration in  the water added f rom the 10, 000-ppm 
mixture was about 6,500, 2,7 00, and 1,600 ppm f o r  s i ze  ranges f iner  than 62, 
62-125, and 125-250 microns, respectively. The concentration was g rea t e r  fo r  
the 2-in. su rges  than for  the 1-in. surges .  

The height of the su rges  i s  significant in relation to  the height of the outer 
leg  of the intake invert. In the t e s t s  a 2-in. su rge  is 21 3 of the invert  height. 
(The height of the invert should exceed the su rge  height. ) The height of su rge  
in  the intake is approximately equal to  the height of water-surface su rge  only 
when the intake i s  submerged and the a i r  exhaust i s  not. During accret ion both 
intake and exhaust a r e  submerged, and the su rge  depends on differential p re s -  
s u r e s  between the two. The p r e s s u r e s  a r e  functions of the sca le  and intensity 
of turbulence in the s t ream.  Normally, a s a m p l e r  having a high intake invert  
would be  used in a fast  turbulent s t r e a m  s o  that the invert  would be  much higher 
than the s u r g e  in  the intake. 

The  concentration of sediment in  the accret ion i s  shown in F ig .  31. F o r  
sediment f iner  than 62 microns the concentration i s  about 0 .7  of that at the 
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intake. The  sample dilution i s  equal t o  an addition of about 0. 3 of the accret ion 
volume of c lear  water. The dilution by accret ion i s  about 0. 7 of the accret ion 
volume f o r  62- 125 microns and is about 0.8 of the accret ion volume f o r  125-250 
microns.  These s imple relations a r e  based on the assumptions that the volume 
of accret ion is not over 10 percent  and that the concentration of sediment in the 
s t r e a m  at the t ime of the accret ion i s  about the s a m e  a s  the concentration in the 
original sample. If the sediment concentration in  the s t r e a m  a t  the  t ime of accre-  
tion is g r e a t e r  than that in the original sample, these  s imple relat ions do not hold. 
Whether they hold o r  not, the concentration in  the original sample can be deter-  
mined approximately by deducting f r o m  the  final sample  the volume of accretion 
ar,d the estimated weight of each s i z e  range of sediment added by that volume of 
accretion. The sediment weight f o r  each s i ze  range  i s  computed f r o m  the esti- 
mated s t r e a m  concentration of the  s i ze  range at the t ime of accret ion and the 
estimated accret ion concentration f rom Fig. 31. The  concentration f r o m  Fig. 
31 is multiplied by the volume of accretion. 

If a sampler ,  such a s  3A of Fig. 15, has  been submerged 16 ft subsequent to  
sampling, the accret ion volume added by submergence i s  20 m l  (Fig. 27). As- 
sume  that the concentration of 62-125 micron sediment at  the intake was approxi- 
mately the s a m e  throughout the sampling t ime and the r i s ing  s tage that produced 
the accretion. The  accretion diluted the sample by about 0. 7 of 20 ml,  o r  14 ml, 
of c l ea r  water. F o r  a 414-ml final sample the original concentration can be com- 
puted f r o m  the weight of sediment in  the final sample  divided by the weight of 400 
ml  of water.  (The concentration in  the original sample was about 3. 5 percent  
higher than that in  the final sample. ) 

If the concentration of 62-125 micron  sediment a t  the intake during accretion 
were assumed to  be  5, 000 ppm (0. 0051, the sediment added by accret ion would be 
0. 005 x 0. 3 x 20, o r  0. 03 gm. ( F r o m  Fig. 31, 0. 3 i s  the approximate rat io  of 
concentration in  the accretion t o  concentration at the intake. ) The final sample 
should b e  reduced by 20 ml, o r  g rams ,  of water and 0.03 gm of 62-125 micron 
sediment.  The  ranges of sediment s i ze s  can be  t rea ted  separately, o r  a repre-  
sentative s i z e  can be selected a s  a bas i s  of correct ion f o r  the sample. 

29. Character is t ics  of su rges  in  the intake-- Jus t  a s  a change in submergence 
causes  water t o  flow through the intake, momentary changes in dynamic p re s su re  
a t  the ends of intake and exhaust cause water t o  su rge  back and forth in the sam-  
p l e r  intake. Intake surges  resu l t  mainly f rom changes in  velocity head. This  
can be infer red  f r o m  concepts of fluid flow and is shown by the effect on the surges  
of any change in the orientation of the intake and exhaust por t s  in the  flow. Fig. 
32 i l lus t ra tes  some  typical su rge  conditions. 

Several  s ample r s  were tested in the p r e s s u r e  tower for  observation of intake 
surges .  The surges  in the tower may  have been ve ry  different f r o m  those in a 
normal  s t r eam.  The su rges  in the tower had periods varying f r o m  112 t o  1 sec;  
a t  l eas t  10 s e c  was required t o  observe a fa i r ly  representat ive average  of the 
surges ;  and about 1 min was required to observe representat ive maximum surges.  



Rising Stoge 
10' Submergence 

Rising Stage  
19' Submergence 

HORIZONTAL INTAKE 

Foll ing Stoge 
10' Submergence 

V E R T I C A L  INTAKE 

Surge : M a x ~ m u m  ---- , A v e r a g e  - 
Air In T u b e  - , W a t e r  In  Tube ----;-- 

Fall ing Stoge 
3' Submergence 

FIG. 32 - TYPICAL SURGE CONDITIONS 



When the surge  moves into the intake, it moves outward through the exhaust. 
The  compressibili ty of the a i r  in  the sampler  causes  minor secondary effects. 

30. Surge enrichment of original sample--Under some  circumstances,  
su rges  may  enrich the original sample  by carrylng sediment f rom the s t r e a m  
through the intake and into the bottle. Water having a high sediment concentration 
en ters  the bottle, but the r e v e r s e  su rge  removes water f rom the top of the sample 
where sediment in suspension general ly  i s  little. 

Whenever the intake i s  full of water and immersed  a t  both ends, any changes 
in  p r e s s u r e  between the ends of the intake will cause su rges  that may  enrich the 
original concentration in the sample.  

When a sampler  f i r s t  fills, the  intake i s  full of water; and if the inner  end of 
the exhaust i s  not lower than the inner  end of the intake, the s ample r  f i l ls  to  the 
inner  end of the intake and enrichment f rom surging can begin. If the  inner end 
of the exhaust i s  considerably below the inner  end of the intake, water  dra ins  
f r o m  the  inner  end of the intake and i s  replaced by a i r .  Slow changes in  submer-  
gence o r  moderate  surges  do not wash out the a i r  bubble, which s tays  a t  the crown 
of the intake. Very fast  r i s e s  o r  l a rge  fas t  su rges  may  flush the bubble f r o m  the 
intake; and, if water covers  both ends, t he  bubble cannot reform. A l a r g e  bubble 
in  the intake prevents surge  enrichment; a smal l  one r e t a rds  it. 

If the exhaust invert  i s  sho r t e r  than the intake invert  and i s  not completely 
clo s e d with a valve, an  abnormal condition may develop in  which water  su rges  
through the a i r  exhaust. This type of s ample r  should not be used, and only surge  
enrichment through the intake will be  discussed here.  

31. Laboratory investigation of su rge  enrichment- - The equipment described 
in  Section 13 was used to  investigate su rge  enrichment. A sedimentation jar  
(Fig. 4) having a diameter  of 12 in.  was fi l led with tap water t o  a depth of-10 114 
in. Sufficient sediment of a given s i z e  range was added to provide a concentration 
of 1, 000, 5,000, o r  10, 000 ppm by weight. The  following part ic le  s i z e s  were 
used: < 62, 62-125, 125-250, and 250-500 microns. (Coa r se r  s i ze s  could not 
be  maintained in suspension. ) The sediment was placed in  suspeiision by  operating 
the mixe r  f o r  a few minutes before the tes t  and continuously during the test .  

The  sampler  to  be tested was filled with distilled water t o  just above the inner 
end of the intake. The straight g lass  tube was part ly  filled with water  and con- 
nected t o  the bulb by an a i r  line. The  solenoid was s tar ted,  and the movement of 
the solenoid a r m  was adjusted t o  the desired surge.  Then, with the intake nozzle 
covered, the sampler  was immersed  in  the jar. The intake was uncovered. At 
the end of either 5 o r  30 min, the s ample r  was removed f r o m  the jar.  The  coneen- 
tration of sediment in the sampler  was determined by drying and weighing the 
s amp1 e. 
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The  resu l t s  of the surge-enrichment t e s t s  were not entirely consistent. 
(See Table 6. ) A uniform concentration could not be  maintained at the outer end 
of the intake. Concentrations in the jar, a s  reported in  Table 6, were  based on 
the weights of fluid and sediment in the jar.  At t imes  the concentration a t  the 
intake may  have exceeded, but usually it was l e s s  than, the average f o r  the jar. 
The sediment distribution was more  uniform fo r  the f iner  sediment and seemed 
t o  be m o r e  uniform f o r  the lower concentrations. 

The  mechanics of the transportation of sediment through the intake i s  not 
c lear ly  understood. Visual examination of intake conditions was difficult o r  
impossible during the t e s t s .  F o r  su rges  of l e s s  than about 1 in. the con- 
t ra t ions of sediment in  the samples  were extremely low; this  fact indicates that 
contamination f rom outside the bottle was ve ry  small .  At su rges  of 1 o r  2 in. 
some  enrichment of the samples  occurred, but the enrichment in 30 min was 
l e s s  than 6 t imes  that in  5 min. At moderate su rges  some  sediment deposited 
in the horizontal intake nozzles and accumulated rapidly a f te r  submergence. 

If 1 m l  of water-sediment mixture having a concentration of 10, 000 ppm 
enters  the sample, i t  adds over 20 ppm of sediment to the sample  in the bottle. 
F o r  1-in. and l a r g e r  surges ,  enrichment of a few to  50 ppm is probably in- 
herent  in each sample. 

32. Results of surge-  enrichment tes ts--The surge-  enrichment data will 
not be  analyzed completely, but some  of the most significant relat ions will be 
discussed. 

Fig. 33 shows the effect of sediment concentration on su rge  enrichment 
a s  indicated by data f o r  a 3116-in. horizontal intake and fo r  the two finest 
s ieve fract ions of sediment. F o r  the 2-, 4-, and 6-in, su rges  and 30-min 
submergence the concentrations in  the samples  were approximately proportional 
to  the concentrations in the jar,  but for  the 1-in. su rge  the concentrations in the 
samples  were m o r e  alike than those in  the jar.  Probably, the initial enrich- 
ment i s  partially independent of the concentration in  the jar; but over  a t ime long 
enough to  accumulate a maximum concentration, the concentration in  the sample  
would b e  proportional t o  that in  the jar.  

The  relation between t ime of submergence and su rge  enrichment is shown 
by Fig. 34. Data f o r  the 3116-in. intake, both horizontal and vertical,  f o r  a 
3116-in. exhaust tube, and f o r  the two finest s ieve fractions of sediment were 
used. Other data f rom the s e r i e s  of t e s t s  would show a s imi l a r  relationship. 
Concentrations in the  sedimentation jar  were 1,000, 5,000, and 10, 000 ppm by 
weight. The samples  f r o m  the 1, 000- and 5, 000-ppm concentrations were multi- 
plied by 10 and 2, respectively, to  place al l  data on a comparable bas i s  before 
plotting Fig. 34. 

Data f o r  the 6-in. su rge  indicate that the conceritrations in  the samples  
var ied almost  a s  the t ime of submergence. The concentration ra t io  of the 5-min 
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to  the 30-min samples  was about 1 t o  5 112 compared to  a t ime of submergence 
ra t io  of 1 t o  6. At the 2-in. su rge  the concentration ra t io  was about 1 t o  4. The 
reduction in  concentration ra t io  with respect  to  su rge  may  be the resu l t  of the 
sma l l e r  amounts of sediment in  the samples--that is ,  the inherent e r r o r  i n  the 
samples  becomes more  significant a t  sma l l e r  concentrations. Enrichment 
would probably be proportional t o  the t ime of submergence, if the t i m e  of sub- 
merger?ce was long. 

In Fig. 35 an  attempt is made to  show the effect of sediment s i z e  on surge  
enrichment. Unfortunately, the comparison i s  made l e s s  conclusive by  a change 
in apparatus.  Sediment f iner  than 125 microns  was maintained in  suspension by 
a mixe r  blade having an upward thrust .  To  keep the l a r g e r  sediment in  suspension 
necessitated setting the blade to  dr ive downward. The  resulting sediment dis- 
tribution was l e s s  uniform; and the  flow pattern, which was general ly  downward 
past the  intake f o r  the f iner  s izes ,  was upward fo r  the coa r se r  s izes .  

The apparent effect of sediment s i ze  on enrichment, indicated in Fig. 35, 
may  b e  only a reflection of the differences in  concentration at the nozzle and 
in direction of movement of the water-sediment mixture at  the intake. Within 
the ranges  of s i ze s  studied, sediment s i ze  probably has l i t t le  relation t o  sample 
enrichment.  The range in s i ze  of sediments in  most s t r e a m s  would include s izes  
that can contribute to  surge  enrichment.  

Fig. 36 is plotted with magnitude of surge  a s  the abscissa.  F o r  t e s t  data 
shown in Fig.  36 the intake invert  was about 3 in. high and about 6 in. long f rom 
nozzle to  intake crown. At su rges  of 112 in. ,  v e r y  l i t t le  sediment entered the 
bottle; a t  surges  of 1 o r  2 in. the  amount var ied widely, but probably over a long 
t i m e  apprec.iable amounts of sediment would enter. At su rges  of 4 and 6 in. , 
sediment washed directly through the intake and enrichment was m o r e  rapid. 
Sample enrichment was obviously a function of the surge,  probably a function of 
the ra t io  of surge height t o  height of intake invert .  In s t r e a m  sampling, normal 
su rges  in  the intake a r e  probably 112 t o  2 in. 

The enrichment obtained with fou r  types of intakes is shown i n  F ig .  37 fo r  
sediment s i ze s  f r o m  62- 1 2 5  microns  and f o r  30-min submergence. The  data 
f o r  the 118-in. exhaust a r e  plotted on the bas is  of height of surge  in  the intake. 
The s u r g e  in  the intake was approximately half a s  much a s  that in the 1/8- in.  
a i r  exhaust. 

In s t r e a m  sampling, the su rges  developed in the vert ical  intake will b e  l e s s  
than those in  the horiiontal intake. Also, the su rge  in  the intake of s ample r s  
having a 118-in. exhaust will b e  slightly l e s s  than that of s ample r s  having a 
3 / 16- in. exhaust. Therefore,  fo r  minimum su rge  enrichment in normal  s t r eam 
sampling, the vert ical  intalte i s  best ,  followed in o r d e r  by the horizontal intake 
and by a special  sampler  intake (Fig. 38) containing an  inverted siphon. 
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Enrichment f rom su rges  in  the intake depends on many factors ,  such a s  
magnitude of surges,  t ime of submergence, sediment concentration a t  the  outer 
end of the intake, and shape of the intake. However, if a sampler  i s  exposed 
to conditions that cause su rges  through the intake, these  fac tors  cannot be  
controlled sufficiently to  avoid su rge  enrichment. Surge enrichment can be  
avoided only by designing the sampler  s o  that accret ion cannot f i l l  the  bottle t o  
-the inner  end of the intake and a l so  fi l l  the inner  leg of the intake tube. 

IV. USE OF  SINGLE-STAGE SAMPLER 

33 .  Selection of a suitable sampler--Single-stage samplers  a r e  not s o  
accurate  a s  manually operated samplers ;  therefore,  manual s ample r s  should 
be given p r imary  consideration at every  station. The single-stage s a m p l e r s  
a r e  used most effectively a s  a supplement t o  other types of sampling, but they 
may be  used alone to  provide data where reasonable manual coverage cannot be 
provided. Whether o r  not single-stage sample r s  should be used in a given pro- 
g ram depends on (1) adequacy and cost of r eco rds  obtained by other means,  (2) 
usability of samples  f rom a point nea r  the water surface, (3)  cost of a n  adequate 
single- s tage  sampler  installation plus servicing, and (4) availability of personnel 
who understand and follow proper  single-stage sampler  usage. 

Single-stage samplers  should be  selected o r  designed to  sat isfy the  specific 
sampling conditions at  the proposed site.  A sampler  should never be  selected 
just because it i s  readily available. Different s ample r s  may be  requi red  f o r  
different s tages  of the s a m e  s t ream.  Because the exact sampling conditions 
cannot always be  predicted, the s ample r s  may be  selected o r  designed on the 
bas is  of the possible maximum velocity, surge,  o r  sediment s ize.  Such selection 
may not provide samples  of maximum accuracy  but would ensure usable samples  
of lower accuracy.  

34. Approved types of s ample r s - -For  standardization and accuracy,  four  
models of single-stage sample r s  have been designed f o r  different ranges  of sam-  
pling conditions. The samplers  a r e  designated a s  the U. S. s e r i e s ;  general  type 
U for  unistage, o r  single stage; 59 f o r  the year  of origin; and A, B, C, D f o r  
s tandard o r  adopted models. Some of the approximate l imiting conditions of use  
a r e  given f o r  each model. Velocity, water- sur face  surge,  and sediment s i z e  a r e  
the principal fac tors  that govern the range of use. So many combinations of 
p r imary  variables  and secondary variables ,  such a s  tempera ture  and turbulence, 
must be  considered that a se t  of p rec i se  l imiting conditions would be  too r e s t r i c -  
tive and too difficult to  apply. 

The single-stage sampler  U. S. U-59A shown in Fig. 39 is recommended fo r  
fine sediments.  It i s  highly resis tant  t o  the effects of drift and debr i s  and t o  both 
surge  enrichment and circulation through the sampler .  This vertical-intake 
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sampler  is accurate only for  sediments finer than 62 microns, for  water-surface 
surges l e s s  than 4 in.,  and fo r  velocities that a r e  reasonably low at the sampling 
point during pr imary  sampling (Fig. 23). The sampler  may be protected with 
any type of shielding that does not significantly al ter  the sediment concentration 
at the intake nozzle. 

Horizontal-intake samplers  U. S. U-59B, U. S. U- 59C, and U. S. U- 59D, 
shown in Figs. 40, 41, and 42, respectively, may be used to  sample sands a s  
a s  well a s  finer sediments. The nozzles a r e  smooth and sharp and a r e  inclined 
downward at 20°, 15O, o r  lo0 ,  respectively, to  prevent sediment deposits in the 
intake pr ior  to sampling. The smal ler  angles a r e  used in the higher velocity 
samplers  because the greater surges associated with the  high velocities reduce 
the tendency for  sediment to deposit. The angles a r e  not large enough t o  reduce 
sampling efficiency. 

Samplers having nozzles that point into the s t r eam operate satisfactorily only 
within limited ranges of s t r eam velocity and water-surface surge. Continuous 
sampling i s  desirable. The limiting velocity for  continuous sampling depends on 
the height of water-surface surge. If velocities o r  water-surface surges  slightly 
exceed the limits, sampling is intermittent. At higher velocities, sampling 
s t a r t s  a s  soon a s  the intake nozzle is submerged and the sample is skimmed f rom 
the tops of water- surface surges. 

The U. S. U- 59B (Fig. 40) may be used for  low-velocity sampling. Sampling 
velocities should not be greater  than 4 fps, and water-surface surges should not 
exceed 3 in. Preferably, velocities should be about 3 fps o r  less ,  and su rge  
heights 2 in. o r  less .  F o r  a 2-in, surge, sampling will be intermittent for  
s t r eam velocities greater  than 2 fps (Fig. 23). Model U. S. U-59B should not be 
used a s  a general purpose o r  utility sampler.  

The U. S. U-59C (Fig. 41) i s  a medium-velocity sampler  that may be used for  
sampling at velocities up to  6 fps if water-surface surges  a r e  l e s s  than 2 in. Ve- 
locities l e s s  than 5 fps and water-surface surges l e s s  than 5 in. a r e  bet ter  general 
l imits (Fig. 24). Because the volume of water in the intake prior  to  sampling is 
grea ter  than that for  the A and B models, intermittent sampling may produce sig- 
nificant e r r o r s .  Samples taken with the U. S. U-59C at velocities between 6 and 
8 fps might be  usable, but they would b e  skimmed f rom the tops of water-surface 
surges.  The U. S. U-59C has a 114-in. diameter intake and a 3116-in. diameter 
nozzle. The combination of diameters increases the velocity in the nozzle. 

Except fo r  height, the U. S. U-59D sampler  (Fig. 42) is similar  to  the U. S. 
U-59C. The sampler  should never be used for  velocities grea ter  than 10 fps and 
fo r  water- surface surges exceeding 16 in. Sampling will be intermittent fo r  many 
combinations of velocity and surge  that a r e  greater  than 7 fps and 8 in. ,  respectively. 
(See Fig. 25.) The volume of water in the intake just prior  to sampling is about 4 
percent of the sample volume, and samples collected intermittently may be er ro-  
neous. Therefore, velocities l e s s  than 7 fps and surges l e s s  than 8 in. a r e  better 
general l imits .  
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The re  i s  no general purpose single-stage sampler .  However, of the ap- 
proved sample r s  the U, S. U-59D will sample  sat isfactor i ly  over the widest 
l,arAge of conditions. 

Figs .  23 to 2 5  a r e  guides fo r  selecting the appropriate  sampler  model. 
They show the type of sampling (continuous, intermittent,  o r  f rom tops of 
surges)  and the probable e r r o r  in concentration in the p r i m a r y  sample  f o r  
given s t r e a m  velocities, water-surface surges ,  sediment s izes ,  and water  
tempera tures ,  

35. Sampler fo r  falling s tage o r  secondary rise--Sampling i s  usually 
more  cri-tical on the r is ing than on the falling s tage of a flood event. However, 
single-stage samplers  can be adapted t o  sample  on falling s tages.  One type of 
adaptation i s  shown in Fig. 43. When the sampler  i s  set ,  the rubber  tubes a r e  
pinched shut. The bucket fills with water when the f i r s t  r i s e  in s tage overtops 
i t s  rim. When the s tage fal ls  below the bucket, the bucket will set t le  until i t s  
weight on the push rod t r i p s  the opening mechanism. The mechanism should 
be adjusted to  t r i p  at  l e s s  than the full weight of the bucket. The exhaust port  
should be  a t  o r  above the s tage a t  which the  sampler  will be tripped open s o  
that sampling will begin immediately. 

A modification of the falling-stage sample r  s o  that the intake i s  a few 
inches above the tripping s tage allows sampling on a secondary r i se .  

36. Sampler modifications fo r  specific conditions- -Because the four  --- 
models of the single-stage sampler  descr ibed in  Section 34 a r e  not adequate to  - - 

cover a l l  sampling conditions, modification may  be  necessary  fo r  a par t icu lar  
installation o r  type of service.  Adjustment f o r  a high velocity at  the t ime  of 
sampling may  be  made by increasing the heights of the exhaust invert  and the 
outer leg  of the intake. (A high velocity subsequent to  sampling may be d i s r e -  
garded if it does not occur at  the s tage at which the sampler  i s  mounted. ) The 
outer leg of the intake may be lengthened t o  provide f o r  a l a rge  water- sur face  
surge,  but the outer leg  of the exhaust should always be ta l le r  than the outer  l eg  
of the intake (unless  the excess  intake is below the level of the inner end of the 
a i r  exhaust) to  prevent accretion through the a i r  exhaust. Lengthening the inner  
leg of the intake would sometimes increase  the intake velocity, but lengthening 
the outer leg  of the intake would always reduce the intake velocity. (See Sec. 
37. ) 

The ta l l  exhaust tube on some of the sample r s  makes them awkward t o  
handle, especially if the sampler  i s  t o  b e  taken to  the laboratory a s  a unit a f te r  
the sample i s  obtained. If a s l ip  joint of rubber  tubing i s  used in the exhaust 
just above the stopper, the top part  of the exhaust tube can be left  in  place in  
the field. The rubber-tube section can be closed with a clamp and then dis-  
connected above the clamp. The s a m e  device can be used in the intake l ine  
if the inside of the connection is kept fa i r ly  smooth. 



FIG. 43 - FALLING STAGE SUSPENDED - SEDIMENT SAMPLER 
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Single-stage samplers  can be designed fo r  permanent or  semipermanent 
mounting in the field. (See Fig. 44. ) The container may be removed a s  f rom 
other sediment samplers.  A tight seal  must be maintained at the top of the 
container and around the intake and exhaust. Care is required to avoid con- 
tamination when a container i s  removed o r  installed. 

Several types of valves for  the a i r  exhaust o r  intake have been studied, 
and one type that allows passage of a i r  but not of water has been tested. The 
tall air-exhau8t invert seems more  dependable than a valve for  prevention of 
circulation through the sampler.  At times, the sample probably should be 
sealed soon after  it i s  taken. A way of clamping the intake and exhaust is 
shows in Fig. 45. 

37. Some details of sampler  design- - Usually, problems of single- s tage 
sampler design have simple and obvious answers that can be obtained readily 
from data already presented. Some of the minor problems a r e  too complicated 
to discuss in detail, but they may be partly clarified by comment and illustration. 

If vertical-intake samplers  a r e  used only for  sediments finer than 62 mi- 
crons, few design problems a r e  involved. If used for sands, the height of each 
leg of tne intake invert should exceed the water-surface surge height by at leas t  
2 in. so  that an adequate sampling velocity is maintained a t  the low point of the 
water- surface surges. 

Three heights of horizontal sampler  intakes a r e  shown in Figs. 40 t o  42. 
The total heads at the t ime sampling s t a r t s  a r e  approximately 4, 8 112, and 20 
in.; and the  total, o r  unfolded, lengths of the intakes a r e  9, 18, and 40 in., 
respectively. Average calibration data for  intakes of these dimensions were 
used to define Fig. 46. (See Figs. 17 to 19 and Table 3. ) Data for  several  
combinations of s tat ic  head and flume velocity a r e  shown both for  intakes 3/16 
in. in diameter throughout and for  intakes 114 in. in diameter with a 3116-in. 
nozzle. 

The normal sampling velocity curves of Fig. 46 a r e  based on the sampler  
design of the recommended U. S. U-59B, C, and D ser ies .  Normal sampling 
velocities above these curves can be obtained f rom special designs, but fo r  
the recommended samplers  the curves a r e  limiting unless intermittent sam- 
pling i s  allowed. 

A method fo r  increasing the sampling velocity together with some of the 
limitations involved will be illustrated. Assume a s t r eam velocity of 6 fps and 
a water-surface surge of 4 in. Sampler U. S. U-59C would sample intermittently 
because the outer leg of the intake i s  only 7 in. high. Select the U. S. U-59D a s  
the basic sampler .  The normal sampling velocity i s  5. 4 fps. Could this be  
raised to 6 fps to  give an intake ratio of unity? 

Because the total of surge and velocity head is 11 in. (7-in. velocity head 
for  6 fps plus 4-in. surge), about 6 o r  7 in. can be removed from the 18-in. 
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FIG. 45 - SELF-SEALING SINGLE-STAGE SAMPLER 
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outer leg of the U. S. U-59D intake. Follow the slope of the curve f o r  velocity 
vs  intake length back 6 o r  7 in. of intake length (dotted line A of Fig. 46). A 
velocity of nearly 6 fps could be obtained by eliminating all the excess intake 
height, but no factor of safety would remain. The line of normal sampling ve- 
locity f o r  the 114-in.intake with 3 / 16-in. nozzle shows that increasing the height 
of the intake invert will slowly increase the intake velocity. The intake crown 
could be raised 3 in. to give a normal sampling velocity of about 5. 5 fps a t  a 
total intake length of 46 in. The outer leg would be 21 in. high, and 6 in. can 
be removed f rom the 21 in. to  give a sampling velocity of 6 fps at a total intake 
length of 40 in. (dotted line B of Fig. 46). 

F o r  the  high-velocity sampler  (40-in. intake) a plotted intake velocity of 
5. 75 fps i s  shown with an 8-in. s tat ic  head and an 8-fps flume velocity. This  i s  
above the normal sampling velocity curve. Two factors  that a r e  minor in s t r e a m  
sampling have been ignored to  simplify this presentation: In a flume where water- 
surface surges  a r e  very  small,  a high-velocity head (based on the square of the 
average velocity) is slightly more  effective than an equal static head in producing 
a high intake velocity. However, the water-surface surges in a s t r eam reduce 
the average intake velocity, and the surges tend to  increase a s  s t r eam velocity 
increases. 

Could the intake nozzles of one o r  more  of a s e r i e s  of samplers ,  mounted 
at a given elevation, be lowered to take samples at different depths below the 
s t ream surface? That is, could dimension AC in Fig.  3 be held, but BC be 
increased? If the object of lowering the n o z z  is t o  define a vert icaldistr ibu- 
tion of sediment by a se r i e s  of simultaneous samples, the f i r s t  difficulty is that 
the samplers  would not sample simultaneously without some special control. If 
B is not above A, combinations of velocity and water-surface surge ,permit sam- 
pling in dribbles over the intake crown, and resul t s  of such sampling a r e  meaning- 
less .  

Fine sediments a r e  s o  uniformly distributed that there i s  no point in special 
adaptations to  determine the distribution. Generally, the intake velocities of 
single-stage samplers  a r e  too low for  accurate sampling of coarse sediments. 
Fig. 46 shows that the intake velocities decrease a s  the total length of the intake 
is increased. Lowering the sampler  intake nozzle would almost always give in- 
take velocities s o  low that the samples would be  inaccurate unless corrections 
were applied. 

When the intake velocity drops below certain limits,  concentrations of sands 
in samples have no definite relation to s t ream concentrations. If the velocity in  
the intake falls below about 1. 5 fps, sands may not r i s e  in the outer leg  of the 
intake. A nozzle velocity of nearly 3. 0 fps in the 3/16-in. tip of the 114-in. 
intake is required for  a velocity of 1. 5 fps in the vertical part of the intake. Sam- 
pling corrections for  sands a r e  large but undefined f o r  intake ratios below 0.4. 
An inspection of Fig. 46 shows that the maximum possible lowering of the intake 
would be 3 o r  4 ft and could be obtained only with certain samplers  under special 
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conditions. Sampling would be at very unfavorable intake velocities. Also, the 
volume of the intake would be s o  large that a high presampling e r ro r  could be 
expected. 

38. Availability of single-stage samplers--The tubing and stopper compo- 
nents of the approved models of the single-stage samplers can be made on order 
from Federal agencies. Orders should be addressed to the District Engineer, 
U. S. Army Engineer District, Post Office and Custom House, St. Paul 1, Minn. 

39. Selection of sampling site--Although the location of the sampling point 
on a s t ream is fixed within certain limits, some choice of si te  is generally a- 
vailable. A straight representative reach of stream having good hydra-dic char- 
acteristics should be selected. There must be a support for the samplers o r  a 
place where a support may be installed. If possible, the samplers should be 
installed at  a recording, staff-gage, o r  wire-weight-gage station s o  that the 
samples can be  referenced to a stream-discharge record or at  least t o  a water 
stage. Accessibility, especially during s torm periods, is important. 

The installation must be located and constructed to  withstand floods and 
must provide protection from drift and debris over the full range of stage. It 
should be at a point where the sediment concentration will be a s  representative 
of that in the s t ream cross section a s  possible. 

40. Installation of the sampler--The ideal sampler support would be a 
vertical timber standing near the middle of the stream. Stability, accessibility, 
and economy will dictate many compromises. A pier o r  abutment can be used; 
but if the support is concrete, special bolt o r  screw anchors may be required 
for attachment of samplers and sampler protection. (A wooden plank, on which 
the samplers can be mounted, may be fastened to the concrete. ) Special mount- 
ing may be required at some sites. 

A sufficient number of samplers should be mounted to sample the range of 
stage. More than one sampler may be mounted at a given elevation, o r  sam- 
plers may be mounted at closely spaced elevations so  that one sample can be 
checked against another. Because of velocity head and water-surface surge, 
the primary sample is usually taken before the average water surface reaches 
the elevation of the crown of the intake. 

Several bottle and tube holding devices a r e  shown in Fig. 47. Field engineers 
will develop their own modifications a s  experience with the single-stage samplers 
develops. 

A sampler mounting designed by PI B. Allen and R. F. Piest is on the up- 
s t ream pile of the right-bank pile bent at gaging station no. 34 on Pigeon Roost 
Creek near Holly Springs, Miss. The maximum velocity is about 7 fps at  this 
site. 
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Note; All dimensions in inches 
,Drill for No. 8 wood 

Spring or 
strong 
rubber band. 

I '--screw eye 
or hook 

B 
BOTTLE CLAMPS 

D E 
BOTTLE SUPPORTS 

FIG. 47 - AUXILIARY EQUIPMENT FOR SINGLE - STAGE SAMPLERS 
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The sample  bottles and the intake and exhaust tubes a r e  mounted on wooden 
planking. Angle i rons  a r e  used for  attachment to  the wooden pile, and an angle 
i ron  with the "V" pointed upstream reinforces  and protects  the planking. The 
planking i s  notched t o  permit  the tubes to  p a s s  through holes in  the point of the 
angle. Bottles a r e  inclined at an angle to  permi t  mounting a t  about 6-in. ver t i -  
cal intervals  over the range of s tage corresponding t o  medium and high dis- 
charges.  

Fig. 48A shows the intake-tube s ide  of the installation. Streamflow is f r o m  
left to  right in  this  picture. The pa r t s  of the intake and exhaust tubes that ex- 
tend upstream f r o m  the angle i ron  a r e  wrapped in absorbent cotton saturated 
withinsect repellent, and moth balls a r e  placed in  each bottle t o  discourage 
insects  f r o m  plugging the tube. Fig. 48B shows the exhaust-tube s ide  of the 
installation and Mr. Allen placing a bottle in  the sampler  rack.  Each bottle is 
mounted in  a s t r a p  metal holder that has  a hinged bottom held in place by a 
spring. 

41. Protection of the sampler--In most  s t r e a m s  the sample r s  will r equ i r e  
protection f r o m  drift ,  livestock, and vandals. At some  s i t e s  acces s  t o  the 
installation should be res t r ic ted  by fencing. Protection f r o m  freezing m a y  be  
needed. 

Protection can be  provided by an enclosure of the sampler .  (See Fig. 49. ) 
A section of pipe cut in half lengthwise o r  a cover of sheet  metal  o r  heavy meta l  
mesh rolled t o  a semic i rcu lar  o r  U-shaped section i s  suggested. Ei ther  type 
may  be  hinged along one edge and fastened with hasp and s taple  on the other 
edge. Such a cover  should not be in  a long sect ion except f o r  a f lashy s t r eam.  
Housing f o r  vertical-intake sample r s  must  permi t  ample water circulation a- 
round the intake. Horizontal intakes should protrude at l eas t  a n  inch through 
the cover and should point into the approaching streamflow. 

Fig. 50 shows a s e r i e s  of b a r s  that provide part ia l  protection, that faci l i ta te  
inspection and servicing, and that minimize obstruction to  flow a t  the intake 
nozzle. Longer and heavier b a r s  than those of Fig. 50 may  b e  used. Some types 
of s tee l  s teps  provide sat isfactory protection, and they may  improve the acces-  
sibility to  the sampler .  

42. Servicing the sampler--A sample r  i s  exposed to  the atmosphere both 
before and af te r  a sample  is taken. Water m a y  condense in  the sample  con- 
ta iner  p r io r  t o  sampling. Dust may collect i n  the intake and a i r  exhaust, but 
much of the dust will wash out because of s u r g e s  in the intake pr ior  t o  sampling 
and in the air exhaust subsequent to  sampling. Mud, nesting mater ial ,  and other  
obstructions may  b e  deposited by b i rds  o r  insec ts  s o  that sampling is hindered 
o r  s o  that samples  a r e  contaminated. (Use of creosote  o r  other insect repel lents  
i s  helpful. ) If s ample r s  a r e  serviced regular ly  and adequately, e r r o r s  due t o  
sample  exposure will be minimized. Frequent  servicing and the pickup of 
samples  soon af te r  a flood will reduce the l o s s  f rom vandalism. 





Note: Adjust total length and number of units as required. 
For vertical intake samplers use same type made with 
strong open mesh or plate with many holes. 

FIG. 49 - SAMPLER PROTECTION-COVER T Y P E  
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After a flood the sample r s  a r e  generally covered with mud and debris ,  which 
make  removal of the sample  container difficult without contaminating the sample.  
Washing and r insing the samplers  with s t r e a m  water and clean water a r e  helpful 
but not always adequate. Often the best procedure i s  to clean the sampler  in  the 
laboratory. If containers must  be  changed in the field, some  type of capping i s  
desirable  to  keep the s topper  and top of the bottle clean f r o m  deposition. Rubber 
tape may be wrapped around the joint between bottle and stopper. Three  part ia l ly  
successful types of caps  a r e  shown in Fig.  51. Type A is a heavy-rubber cover  
that has been v e r y  successful in the laboratory but i s  somewhat hard t o  u se  in the 
field; type B is a snap-over cap of flexible rubber  that i s  ea sy  t o  u se  but does not 
withstand weathering; and type C i s  a plastic cap that i s  cheap and easy  t o  use  but 
often fails to  sea l  satisfactorily.  

Breakage, freezing, and confused identification of samples  can be  avoided 
if the single-stage samples  a r e  handled and s tored  with the  s a m e  c a r e  a s  other 
sediment samples .  The transportation of samples  inside the assembled sampler  
c r ea t e s  problems because of the awkward s i ze  and shape of the sampler ,  

The substitution of collapsible o r  rigid plastic containers fo r  g lass  milk 
bottles has  been considered. The high initial cost of such a change does not ap- 
pear  justified a t  this  t ime (1961)-  

V. USE OF SINGLE-STAGE SAMPLE DATA 

43. Sources of e r r o r s  in sampling--Famil iar i ty  with the single-stage 
sample r s  should not be  allowed to obscure the i r  l imitations and probable e r r o r s .  

Four  sources  of sampling e r r o r  can be  avoided o r  eliminated; however, the i r  
effect i s  not quantitatively predictable: 

(1) Presampling deposits in the intake nozzle can be  eliminated by inclining 
tile intalse nozzle downward f rom the horizontal. 

(2 )  Circulation can  be eliminated by making the exhaust invert  sufficiently 
high. 

( 3 )  Surge enrichment can be avoided by extending the inner  end of the exhaust 
tube fa r ther  into the bottle. 

(4) Contamination can be avoided by careful handling. 

Some sampling e r r o r s  can be minimized but not eliminated; however, f o r  
lsnown sampling conditions their  effect i s  predictable: 
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(1 ) Unfavorable intake orientation and unsatisfactory intake ratios during 
pr imary  sampling cause the largest  e r r o r s  in sediment concentration in the 
sample. 

(2) The accretion to  sample volume because of submergence subsequent to  
sampling will be small,  and the accretion can be measured o r  computed a s  a 
basis  for  correcting the sample concentration. 

(3 )  The sample may be diluted by condensation in the sample container 
pr ior  to sampling and by low concentrations of coarse  sediments in suspension 
in the outer leg of the intake at the t ime sampling s tar t s .  Dilution due to  un- 
representative concentration in the intake when sampling s t a r t s  is limited by the 
volume of the outer leg  of the intake, which i s  about 1 percent of the volume of a 
normal sample for  recommended samplers  U. S. U-59A and U. S. U-59B and 2 and 
4 percent of the normal sample volume for  samplers  Us S. U-59C and U. S. U-59D, 
respectively. 

Sample volume is an indication of sampling e r ro r .  At the end of pr imary  
sampling, the sample surface in the container should be just above the inner end 
of the exhaust tube. A smal ler  sample usually indicates an obstruction of the 
exhaust tube o r  perhaps an obstruction of both intake and exhaust. A l a rge r  
sample indicates a circulation o r  accretion backward through the a i r  exhaust. 
A sample that fil ls the bottle indicates leakage at the stopper. Subsequent sub- 
mergence can add to  the volume, but generally the accretion will be minor and 
consistent throughout a group of samples from a single s i te  and storm. 

44. Corrections for  sampling errors--Sampling e r r o r s  vary with the s ize  
of sediment sampled. The e r r o r s  depend on the sampler,  the s t r eam velocity, 
the water temperature, and the water-surface surge. Careful selection of sam- 
p lers  and, if necessary, the use of specially designed samplers  should yield 
samples that a r e  accurate to within 1 0  percent of the concentration of suspended 
sediment at the sampling point at the time of sampling. If the available sources 
of sampling e r r o r  have been eliminated, any samples taken under conditions that 
give undesirable intake velocities may be corrected by using Figs. 23  t o  25, 
which show e r r o r s  in sediment concentration in the pr imary  sample. The cor- 
rections may not be  reliable for  highly intermittent sampling. All other cor- 
rections, such a s  those for  dilution and accretion, a r e  generally small  enough to 
disregard. One should be aware of the conditions that produce sampling e r r o r s  
and be alert  to make corrections when needed. 

45. Determination of sediment concentration at a sampling section-- Even 
an accurate sample of the sediment in the s t r eam at a sampling point may not be 
representative of the average sediment content at the sampling point because of 
rapid fluctuations in sediment content with time. Ten samples of equal sampling 
accuracy might show wide variations in concentration because of flow conditions. 
In the same set  of samples the concentration of sediment f iner  than 6 2  microns 
might be uniform although the concentration of sands var ies  greatly. 
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Frequently,  single- s tage sampling will b e  close t o  one streambank. The 
velocity distribution may indicate the approximate distribution of sediment 
a c r o s s  the s t ream,  but there  i s  no sat isfactory way to  re la te  the sediment con- 
centration a t  the sampling point t o  the average concentration f o r  the en t i re  
width of the s t ream. 

The  sampling point fo r  the single-stage sampler  is near  the water sur face  
even when a s t r e a m  i s  very deep. Various theories  have been advanced t o  ex- 
plain the  distribution of sediment in  a s t r e a m  vertical,  but none of them a r e  
sufficiently s imple and dependable to  re la te  sample  concentration to  concen- 
t ra t ion in the s t r e a m  vert ical  without obtaining additional data. 

Suppose the sediment concentration in a single-stage sample is accura te  
within 10 percent.  Even if the variation of a single sample f rom the average i s  
ignored, the single-stage sample  m a y  not determine the average concentration 
with a n  accuracy  approaching 10 percent.  The single-stage sample  must be  
re la ted  to  the concentration in  the  c r o s s  section of the s t r eam.  F o r  s i l t s  and 
clays the relation of concentration at one point to  that of the en t i re  c r o s s  section 
may  not be  known accurately.  F o r  sands the la te ra l  and vert ical  distributions 
of concentration may be  s o  uncertain that the single-stage sample  does not 
determine the concentration in the c r o s s  section within 50 percent although 
correct ions fo r  distribution a r e  made. 

When single-stage sediment samples  a r e  used to  compute sediment concen- 
t ra t ion in  a s t ream,  the  accuracy  of the samples  and the need f o r  correct ions 
should be  evaluated by considering the probable velocity a t  the t i m e  of sampling, 
the water temperature,  and the water-surface su rge  in  relation t o  the sampler  
and t o  s i z e  of sediment. Then the concentration a t  the sampling point should be 
related t o  that in the ent i re  s t r eam,  whenever possible, by measur ing  the con- 
centrations fo r  both. A measurement  of the sediment- concentration in  the s t r e a m  
c r o s s  section can be made with manual sampling equipment. At the  s a m e  time, 
one o r  m o r e  single-stage samples  may  be obtained by lowering a single-stage 
sample r  t o  the elevation a t  which i t  s t a r t s  to  fi l l  and then removing the  sample 
a f te r  filling. (Reports No. 1, 3, and 8 contain information on sediment distribu- 
tion in  s t r e a m s  and on methods of measuring suspended sediment in  s t r eams .  
Report No. 6 shows modern types of suspended-sediment samplers .  ) 

Even af te r  the concentration of sediment in the c r o s s  section has  been 
determined, relating the concentration t o  s t r e a m  discharge o r  t o  t ime  may  be  
difficult. Because of velocity and su rge  effects the sampling s tage  is seldom 
known precisely,  and a t  t imes  it may  b e  known only approximately. Also, the 
s tage  of the sampler  may not be the s a m e  a s  that a t  the re ference  gage used fo r  
s t r e a m  s tage  o r  discharge. When the s t r e a m  s tage  changes slowly, a sma l l  
uncertainty in  the sampling s tage  may  make a l a rge  uncertainty in  the  t ime a t  
which the  sample  is taken. 
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VI. CONCLUSIONS 

(1) Single-stage sediment s ample r s  can be designed to  obtain streamflow 
samples  at  o r  near  the water surface (usually a s  the s t r e a m  r i ses ) .  

(2) An  all-purpose single-stage sampler  has  not been developed because 
inherent limitations on the velocity in the intake nozzle r e s t r i c t  each model t o  
a narrow range of conditions when sands a r e  t o  be  sampled. 

( 3 )  Four  sampler  models have been designed on the basis  of development 
work. Briefly the i r  limitations:: a r e  a s  follows: 

Sediment Stream velocity Water- surface su rge  
Ups) (in. 

U. S. U- 59A f iner  than 62 microns reasonably low l e s s  than 4 
U. S. U- 59B sands and f iner  l e s s  than 3 l e s s  than 2 
U. S. U-59C sands and f iner  l e s s  than 5 l e s s  than 5 
U. S. U- 59D sands and f iner  l e s s  than 7 l e s s  than 8 

F o r  a detailed presentation of sampling charac te r i s t ics  s e e  Figs.  23 to  25. 

(4) Each of s ample r s  U. S. U-59 B, C,  and D samples  accurately fo r  a 
nar row range of s t r e a m  velocity, water-surface surge,  and water temperature;  
f o r  cer tain s izes  of sediment,  each sample r  will sample  with reasonable accur-  
acy  f o r  a somewhat wider range of hydraulic conditions and may  sample with 
acceptable accuracy f o r  a s t i l l  wider range. 

(5) The single-stage sample r s  will be useful when: 

a .  Data on concentration of sediment f rom a point nea r  the water 
sur face  a r e  of value. 

b. Sampling by m o r e  accurate  methods is not pract ical  o r  feasible.  

(6)  To  a f a r  g rea t e r  extent than with other approved sediment samplers ,  the 
accuracy  of the single-stage sediment data depends on the.competence of those 
who instal l  and se rv i ce  the sample r s  and process  the data. The  designer  of a n  
installation and the u s e r  of the data should be thoroughly aware  of the sources  of 
e r r o r s  in  sampling, the possible ways of correct ing these  e r r o r s ,  and the methods 

:% If the approved sample r s  a r e  not sat isfactory f o r  a cer ta in  s t ream,  the basic  
design can be modified by  using information in  this  report .  
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fo r  determining the concentration a t  a sampling section a s  given in Sections 43, 
44, and 45 of this report .  
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VII. APPENDIX 

47. Data tables--Some i l lustrat ions in the text have shown only pa r t  of the 
data available f rom the sampler ,  tes ts .  

The following tables a r e  presented t o  p re se rve  the data f o r  the benefit of 
those who may  wish to  study sample r  action fur ther :  

Table 1 - Sediment deposited in  sampler  intake .............. Page  92 
(Discussion in  Sec. 14, p. 23) 

Table 2 - Enrichment fr.om presampling sediment deposits in  
............... sampler  intakes of different s lopes .  Page 93 

(Discussion in  Sec. 14, p. 23) 

Table 3 - Intake calibration data, water tempera ture  35' - 39' F Page  94 
(Discussion in  Sec. 19, p. 31) 

Table 4 - Intake calibration data, water tempera ture  70' - 76O F Page 98 
(Discussion in  Sec. 19, p. 31) 

Table 5 - Experimental accret ion .......................... Page 102  
(Discussion in  Sec. 27, p. 53) 

Table 6 - Sample enrichment by surges  ..................... Page  103 
(Discussion in  Sec. 31, p. 6 0 )  



9 2 Section 47 

TABLE 1 

SEDIMENT DEPOSITED IN SAMPLER INTAKE 

[In grams] 

I Sediment cc 

0 112 0.0097 0.0204 

20 

.0079 ,0124 I Avg 1 

entration 1,000 

0.0602 

1 ! ,0609 
.lo80 

Avg .0844 

2 ,0558 
,1108 

i Avg ,0833 
I 
I 

112 1 ,0134 
,0081 

'Avg ,0108 

.0414 
,0280 

Avg ,0347 

2 1 ,0406 
,0350 

Avg .0378 

Sediment size 62 - 125 microns 
0.0324 
,0353 

.I982 ,0338 

.2441 

.3270 - - - -  

.2856 

,1979 
,2228 - - - -  
.2104 

,0047 
.0195 - - - -  
,0121 

..0240 
,0209 - -  
,0224 

,0156 
,0235 - - - -  
,0196 

1 

2 

,1450 1.2188 
,3411 ! .5226 

,0144 
,0022 - 

Avg ,0083 

20 

I I Too small to be measurable I 

,0115 
.0080 
,0098 

,0067 
:0074 
.0070 

.0020 
,0018 
,0019 

,0007 
- -  ,0005 
,0006 

,0010 
.0008 
,0009 

.2430 

.0444 
,0547 
,0496 

'0057 
.0092 
,0074 

,0080 

.0208 
,0179 - 

Avg .0194 

1 

2 11 Too small to be measurable I 

.3707 

,0692 
,1493 
,1092 

.0038 
,0106 
,0072 

,0067 

,0092 
,0067 - 
,0080 

112 

.0110 

.0090 
,0100 

.DO58 
,0048 
,0053 

,0022 
.0017 
,0020 

.0009 

,0271 
,0360 - 
.0316 

,0084 
,0114 - -  

Avg .0099 

.0035 

.0341 1 ,0133 

,0295 
.0107 - 
.0201 

,0035 
,0099 - 

Avg ,0067 

.0019 - 
Avg ,0027 

,0108 
,0109 - - - -  
,0108 

.0047 

.0071 - - - -  

.0059 

.0019 
,0016 - - - -  
,0018 

0007 

,0210 

.0352 

.0288 
,0320 

,0255 
,0218 - 
.0236 

,0040 
.0026 
,0033 

.0021 

,0100 
.DO98 
.0099 

,0057 
,0060 
,0058 

,0014 
.0018 
,0016 

,0008 

,0100 

,0237 
,0111 
,0174 

,0007 
,0007 
,0007 

.0114 
,0012 -- 
,0063 

,0019 
.0020 - 
.0020 

.0013 
.OD20 - 
,0020 

,0006 
.0007 

.0006 
,0010 

, ,0008 

,0005 1 :0010 

,0011 
,0012 
,0012 

.002 5 - 
,0019 

,0007 

,0013 
.0010 
.0012 

,0007 
.0009 - -  
,0008 

,0031 
.0029 - 
.0030 

,0008 

,0012 
.0008 ---- 
,0010 

,002 3 
,0027 - 
,0025 

.0008 
,0003 - -  
,0006 

Too small to be measurable 

,0003 
,0011 - 
,0007 
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TABLE 2 

ENRICHMENT FROM PRESAMPLING SEDIMENT DEPOSITS 

I N  SAMPLER INTAKES OF DIFFERENT SLOPES 

[ I n  p a r t s  p e r  m i l l i o n ]  
[ S e d i m e n t  s i z e  6 2 - 1 2 5  m i c r o n s ]  
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TABLE 3 

INTAKE CALIBRATION DATA,* 
WATER TEMPERATURE 35' to 39' P 

[In feet per second] 

* Samplers 3A to 3E of Fig. 15 
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TABLE 3 - CONTINUED 

INTAiG CALIBRATION DATA, * 
WATER TEMPERATURE 35' t o  39' F 

[ I n  feet per second] 

* Samplers 3F to XI of Fig. 15 
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TABLE 3 - CONTINUED 

INTAKE CALIBRATION DATA, * 
WATER TEMPERATURE 35' to  39' F 

[In f ee t  per second] 

* Samplers 3K of Fig. 15 and 3L to  30 of Fig. 16 
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TABLE 3 - CONTINLTED 

INTAKE CALIBRATION DATA, * 
WATER TEMPERATURE 35' t o  39' F 

[ I n  f e e t  per second] 

* Samplers 3P t o  3T of Pig. 16 

Head 

( i n . )  

22 
2 1 
20 
18 
16 
14 
12 
10 
8 

20 
18 
14 
10 
6 

20 
19 
18 
16 
14 
10 
6 

19 
18 
16 
14 
10 
6 

18 
16 
14 
12 
8 
4 

18 
16 
14 
12 

8 
4 

18 
16 
12 
8 
7 

18 
16 
12 

8 
4 
2 

Sampler 

Flume 
ve loc i t y  

0 

0 
0 
0 
0 
0 
0 
0 

1.05 
1.04 
1.03 
1.02 
1.00 

2.08 
2.08 
2.08 
2.07 
2.07 
2.06 

3.20 
3.20 
3.20 
3.20 
3.18 
3.12 

4.16 
4.15 
4.14 
4.13 
4.05 
3.97 

4.86 
4.90 
4.90 
4.92 
4.95 
4.98 

6 .8  
6.9 
7.1 
7.3 
7.4 

8.3 
8.4 
8.5 
8.7 
8.8 
8 .8  

P 

In take  
ve loc i t y  

3.23 

3.23 
3.09 
3.10 
2.71 
2.40 
2.11 
1.74 

3.33 
2.96 
2.77 
2.11 
1.52 

3.22 
3.56 
3.11 
2.98 
2.23 
1.66 

3.31 
3.04 
3.06 
2.87 
2.47 
1.84 

3.22 
2.90 
3.22 
2.79 
2.25 
1.74 

3.48 
3.37 
3.17 
3.09 
2.59 
2.14 

4.22 
4:08 
3.73 
3.37 
3.24 

4.52 
4.41 
4.20 
3.74 
3.29 
3.04 

Sampler 

Flume 
ve loc i t y  

0 
0 
0 
0 
0 
0 
0 
0 

2.06 
2.06 
2.06 

2.06 
2.06 
2.06 

3.20 
3.20 
3.20 
3.20 
3.18 
3.12 

4.18 
4.17 
4.14 
4.12 
4.05 
3.98 

4.86. 
4.90 
4.90 
4.92 
4.92 
4.92 

6.8 
6.9 
7.1 
7.3 
7.4 

8.6 
8.7 
8 .8  
8.8 
9.0 
9.0 

Q 

In take  
ve loc i t y  

5.60 
5.28 
4.73 
5.09 
4.52 
4.40 
3.69 
3.69 

5.69 
5.46 
5.16 

4.62 
4.15 
3.13 

5.37 
5.00 
5.07 
4.56 
3.77 
3.30 

5.54 
5.33 
5.12 
4.93 
4.36 
3.23 

5.97 
5.63 
5.31 
4.70 
4.23 
3.46 

7.31 
6.99 
6.33 
5.40 
4.54 

8.22 
8.03 
7.88 
6.88 
6.05 
6.25 

Sampler 

Flume 
ve loc i t y  

0 
0 
0 
0 
0 
0 
0 
0 
0 

1.05 
1.04 
1.04 
1.02 
1.00 

2.06 
2.06 
2.06 

2.06 
2.06 
2.06 

3.20 
3.20 
3.20 
3.20 
3.18 
3.12 

4.18 
4.18 
4.15 
4.12 
4.05 
3.98 

4.82 
4.84 
4.86 
4.88 
4.95 
4.98 

6.8 
6.9 
7.1 
7.2 
7.3 

8.6 
8.7 
8.7 
8.8 
8.9 

R 

I n t ake  
ve loc i t y  

5.70 
5.50 
5.42 
5.11 
4.68 
4.26 
4.06 
4.01 
3.27 

5.41 
4.98 
4.50 
3.81 
2.95 

5.34 
5.15 
5.13 

4.62 
3.90 
2.90 

5.19 
4.97 
5.02 
4.85 
3.86 
3.13 

5.66 
5.07 
4.80 
4.44 
3.96 
2.78 

5.91 
5.46 
5.08 
5.06 
4.05 
3.45 

6.84 
6.49 
6.17 
5.41 
4.93 

7.77 
7.41 
7.16 
6.58 
5.65 

Sampler 

Flume 
ve loc i t y  

0 
0 
0 
0 
0 
0 
0 
0 
0 

2.06 
2.06 
2.06 

2.06 
2.06 
2.06 

3.20 
3.20 
3.20 
3.20 
3.18 
3.11 

4.20 
4.20 
4.14 
4.12 
4.06 
3.99 

4.80 
4.82 
4.84 
4.86 
4.92 
4.95 

6.8 
6.9 
7.1 
7.3 
7 .2  

8.6 
8.6 
8.7 
8.8 
8.9 

S 

Intake 
ve loci ty  

5.71 
5.42 
5.49 
5.24 
4.76 
4.46 
3.98 
3.14 
3.33 

5.54 
5.51 
5.14 

4.49 
3.87 
2.59 

5.47 
5.14 
5.00 
4.72 
4.03 
3.12 

5.67 
4.95 
4.93 
4.39 
3.80 
3.06 

5.76 
5.67 
5.04 
4.78 
4.41 
3.70 

6.71 
6.70 
5.90 
5.37 
4.98 

7.44 
7.16 
6.66 
6.82 
5.50 

Head 

( i n . )  

22 
2 1 
20 
18 
16 
1 4  
12 
10 
8 

20 
18 
14 
10 

6 

20 
19 
18  
16 
14 
10 
6 

19 
18 
16 
14 
10 
6 

18 
16 
14 
12 
8 
4 

18  
16 
14 
12 

8 
4 

18  
16  
12 
8 
7 

18 
16 
12 

8 
4 
2 

Sampler 

Flwne 
ve loc i t y  

0 
0 
0 
0 
0 
0 
0 
0 
0 

2.06 
2.06 
2.06 

2.06 
2.06 
2.06 

3.20 
3.20 
3.20 
3.20 
3.18 
3.11 

4.20 
4.20 
4.12 
4.11 
4.06 
4.00 

4.70 
4.72 
4.74 
4.78 
4.88 
4.90 

6.8 
6.9 
7.1 
7.2 
7.2 

8.6 
8.6 
8.7 
8 .8  
8 .9  

T 

In take  
ve loc i t y  

5.54 
5.50 
5.32 
5.07 
4.63 
4.65 
4.11 
3.62 
3.78 

5.95 
5.28 
5.31 

4.56 
3.74 
2.81 

5.30 
4.91 
4.93 
4.71 
3.63 
2.84 

5.48 
5.25 
4.84 
4.54 
3.98 
2.63 

5.84 
5.63 
4.80 
5.01 
4.31 
3.67 

6.72 
6.43 
5.97 
4.90 
4.47 

7.27 
6.75 
6.29 
5.94 
5.25 
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TABLE 4 

INTAKE CALIBRATION DATA, * 
WATER TEMPERATURP. 70' to 76' F 

[ I n  feet p e r  s e c o n d ]  

* S a m p l e r s  3A t o  3E of Fig. 15 
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TABLE 4 - CONTINUED 
INTAKE CALIBRATION DATA, * 

WATER TEMPERATURE 70' to 76' F 

[In feet per second] 

* Samplers 3F to U of Fig. 15 



100 Section 47 

TABLE 4 - CONTINUED 

INTAKE CALIBRATION DATA,* 

WATER TEMPERATURE 70' t o  76' F 

[ I n  f e e t  pe r  second] 

* Samplers 3K of F i g .  1 5  and 3L t o  30 o f  F i g .  16  

Head 

( in . )  

10 
8 
6 
5 
4 
3 
2 

9 
8 
6 
5 
4 
3 
2 

8 
7 
6 
5 
4 
3 

8 
7 
6 
5 
4 
3 
2 

8 
7 
6 
5 
4 
3 
2 

8 
7 
6 
5 
4 
3 

8 
7 
6 
5 
4 
3 

Sampler 

Flume 
v e l o c i t y  

2.56 
2.56 

4.12 

4.12 

5 .48  

5 .48  

7.50 

7 . 5 0  

9 . 9 2  

9.92 

K 

I n t a k e  
v e l o c i t y  

5 .54  
5.07 

6.10 

5.12 

7.12 

6.72 

8.89 

8.15 

10.10 

8.78 

: 

Sampler 

Flume 
v e l o c i t y  

0 
0 
0 
0 

1 .60  
1 . 6 0  
1 .60  
1.60 

2.62 
2.62 
2.62 

4.10 
4.10 
4.10 
4 .10  

5.50 
5 .50  
5.50 
5.50 

7,.60 
7.60 
7.60 

9.84 
9.84 
9.84 

L 

I n t a k e  
v e l o c i t y  

2.22 
2.15 
1.82 
1 . 5 3  

2.26 
2.26 
2.15 
1 .67  

2.19 
1 .94  
1 .64  

2.59 
2 .36  
1.92 
1 . 6 5  

3.02 
2.55 
2 .48  
1 .85  

2.85 
2.08 
2 .28  

3.72 
3.28 
2.93 

Sampler 

Flume 
v e l o c i t y  

0 
0 
0 

0 

1.56 
1.56 
1 .55  
1.56 
1.56 

2.65 
2.65 
2.65 
2.65 

4.1- 
4.14 
4.14 

4.14 

5.52 
5.52 
5.52 
5.52 

7 .65  
7.65 
7.65 

9.94 
9 .94  

M 

I n t a k e  
v e l o c i t y  

2.99 
2 . 7 5  
2.40 

1 .90  

2.98 
2.75 
2.46 
2 . 2 3  
2.02 

2.80 
2.59 
2.45 
2.22 

2.67 
2.52 
2.40 

1.96 

3 . 3 3  
3.05 
2.76 
2 .43  

3.25 
2.89 
2.86 

3.13 
2.66 

Sampler 

Flume 
v e l o c i t y  

0 

No 

2.58 

No 

5.74 

7.70 

No 

N 

I n t a k e  
v e l o c i t y  

2 . 6 8  

sample 

2 .80  

sample 

5.10 

5.77 

sample 

Head 

( i n . )  

10 
8 
6 
5 
4 
3 
2 

9 
8 
6 
5 
4 
3 
2 

8 
7 
6 
5 
4 
3 

8 
7 
6 
5 
4 
3 
2 

8 
7 
6 
5 
4 
3 
2 

8 
7 
6 
5 
4 
3 

8 
7 
6 
5 
4 
3 

Sampler 

Flume 
v e l o c i t y  

0 

1 . 5 9  
1.59 

No 

4 . 0 8  
4 . 0 8  

5 .78  
5 .78  

No 

9 .96  

0 

I n t a k e  
v e l o c i t y  

2.62 

2 . 8 8  
2.78 

sample 

3.84 
3.63 

5.07 
4.65 

sample 

7.02 
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TABLE 4 - CONTINUED 

INTAKE CALIBRATION DATA, * 
WATER TEMPERATURE 70' to 76' F 

[ I n  feet per second] 

* Samplers 3Q to 3U of Fig. 16 
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TABLE 5 

EXPERIMENTAL ACCPETION 
[ ~ i l l i l i t e r s ]  

Note: Data , f o r  19 f t  cycles a t  a ve loc i t y  of 6 fps  were p lo t t ed  -on Fig. 30. 
* Special  sampler of Sec. 27 (s imi lar  t o  3A of  Fig.  15 except f o r  length  of extensions i n t o  

sample container)  

3 

6 
6 
6 

1 

2 
2 
2 

SAMPLER F (3F of Fig. 15) 

7 

8 
8 
8 

15 
24 
42 

15 
29 
43 

13 

13  
13  

22 

21 

1 
1 
1 

3 
3 
3 

18 

19 

12 
9 

12 

8 
8 

3 
3 
3 

1 9  
1 

-1 

12 
18 

16 
16 

22 

23 

26 

23 

12 
12 
26 

9 
16 
23 

22 

8 
13  
23 

14 
12 
27 

12 
16 
23 

19 
30 

23 
29 

23 

11 
18 
23 

34 

33 

24 
39 

29 
39 

27 

21 
27 

36 

37 

41 

41 

31 

31 

43 

43 

14 
19 
36 

12 
23 
37 

15 
19 
37 

15 
23 
37 

35 

35 

35 

11 
21 
35 

35 

13 
23 
35 

38 

27 
38 

42 

40 

43 

42 

43 

13 
27 
42 
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TABLE 6 

SAMPLE ENRICHMENT BY SURGES 
[In parts per million] 

SPECIAL INTAKE SAMPLER (Fig. 38) 

Sediment Air 
exhaust 
(in.) 

Concentration 
in jar (ppm) 

Sieve size 
(microns) 

Time 

@in) 

1,000 
1,000 

5,000 
5,000 

10,000 
10,000 

1.000 
1,000 

5,000 
5,000 

10,000 
10,000 

1,000 
1,000 

10,000 
10,000 

10,000 
10,000 

1,000 
1,000 

5,000 
5,000 

10,000 
10,000 

1,000 
1,000 

5,000 
5,000 

10,000 
10,000 

< 62 
do 

do 
do 

do 
do 

62-125 
do 

do 
do 

do 
do 

125-250 
do 

do 
do 

250-500 
do 

c 62 
do 

do 
do 

do 
do 

62-125 
do 

do 
do 

do 
do 

Surge in air exhaust (in.) 

3/16 
do 

do 
do 

do 
do 

do 
do 

do 
do 

do 
do 

do 
do 

do 
do 

do 
do 

118 
do 

do 
do 

do 
do 

do 
do 

do 
do 

do 
do 

1.12 

HORIZONTAL 

5 
30 

5 
30 

5 
30 

5 
30 

5 
30 

5 
30 

5 
30 

5 
30 

5 
30 

5 
30 

5 
30 

5 
30 

5 
30 

5 
30 

5 
30 

VERTICAL 

INTAKE 

1 
8 

0 
6 

4 
6 

4 
14 

6 
14 

8 
18 

7 
7 

4 
7 

3 
2 

0 
5 

0 
3 

1 
5 

3 
10 

5 
11 

6 
14 

INTAKE 

1 

SAMPLER 

7 
10 

6 
10 

6 
13 

9 
28 

17 
40 

20 
40 

9 
9 

9 
9 

4 
5 

2 
8 

2 
8 

4 
8 

9 
20 

9 
25 

10 
27 

SAMPLER 

1-1/2 

(3C of 

9 
24 

11  
70 

33 
7 3 

21 
40 

2 7 
59 

30 
78 

13 
28 

* 36 
125 

13 
31 

8 
11 

7 
20 

18 
31 

22 
29 

2 1 
39 

20 
65 

(3" invert) 

2 4 

Fig. 15) 

11 
38 

30 
160 

61 
331 

32 
64 

37 
200 

90 
262 

60 
1,200 

213 
5,330 

68 
967 

8 
15 

20 
41 

56 
155 

31 
41 

30 
58 

45 
148 

6 

16 
113 

90 
554 

194 
1,140 

54 
137 

139 
447 

256 
1,810 

21 
456 

58 
850 

129 
2,350 

20 
31 

31 
214 

110 
294 

49 
82 

90 
185 

164 
580 

51 
386 

327 
1,690 

737 
3,690 

118 
406 

326 
1,980 

599 
3,490 

251 
1,160 

336 
1,700 

506 
3,530 

18 
53 

56 
439 

185 
536 

63 
125 

125 
598 

239 
693 
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48. Annotations of numbered reports-  - 

Report No. 1--"Field Pract ice and Equipment Used in Sampling Suspended 
Sediment" reviews in detail the equipment and methods used in suspended-sediment 
sampling from the time of the earl iest  known investigations t o  1940 and includes 
discussions of the advantages and disadvantages of different methods and instru- 
ments. The requirements of a sampler  that would satisfy all field conditions a r e  
set  forth. 

Report No. 2--I1~quipment Used fo r  Sampling Bed Load and Bed  ater rial" 
reviews the equipment and methods used in bed-load and bed-material sampling 
and i s  s imilar  in presentation to  Report No. 1. 

Report No. 3--"Analytical Study of Methods of Sampling Suspended Sediment" 
covers an investigation of the accuracy of various methods of sampling suspended 
sediment in a vertical section of a s tream. This analytical study is based on the 
application of turbulence theories to  sediment transportation. 

Report No. 4--"Methods of Analyzing Sediment Samples" describes many 
methods for  determining the s ize  of small  particles and fo r  establishing the - - 

particle-size gradation and total concentration of sediment in samples. Detailed 
instructions a r e  given for  many of the common methods that have been developed 
and used by agencies doing extensive work in sedimentation. 

Report No. 5 - - " ~ a b o r a t o r ~  Investigations of Suspended-Sediment ~ a m p l e r s "  
reports  the effects of intake conditions on the representativeness of sediment 
samples and on the filling characteris t ics  of slow-filling samplers. 

Report No. 6- he he Design of Improved Types of Suspended-Sediment Sam- 
plers" describes the development of several  integrating samplers  suitable for  
taking vertically depth-integrated samples in flowing s t reams and others  suitable 
for taking time-integrated samples at a fixed point. Details of the recommended 
types a r e  given. 

Report No. 7--"A Study of New Methods for  Size Analysis of Suspended- 
Sediment Samples" reports  on research  to  develop methods of s i ze  analysis suit- 
able fo r  most suspended-sediment investigations and describes the apparatus and 
technique of the bottom-withdrawal-tube method. 

Report No. 8--"Measurement of the Sediment Discharge of Streams" de- 
scribes methods and equipment for  making sediment measurements under the 
diverse conditions in s t reams.  

Report No. 9--"Density of Sediments Deposited in ~ e s e r v o i r s "  presents  data 
on the apparent density of sediment deposited in reservoirs .  The results  a r e  
summarized, and certain conclusions useful in engineering studies a r e  given. 
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Report No. 10--"Accuracy of Sediment Size Analyses Made by the Bottom- 
Withdrawal-Tube Methodt' recounts extensive tes ts  made to evaluate the accuracy 
of the bottom-withdrawal-tube method. Glass spheres of sand s izes  were used 
a s  the sediments. 

Report No. 11--"The Development and Calibration of the Visual-Accumulation 
~ u b e "  describes the design of equipment and methodology useful fo r  a simple and 
accurate analysis of s ize  gradation of sands. 

Report No. 12--"Some Fundamentals of Particle-Size Analysis" presents  
some of the basic concepts, definitions, and data on relationships involved in 
particle-size analysis. The relation of fall velocity t o  physical s ize  is examined 
in detail. 

t U.S. GOVERNMENT PRINTING OFFICE: 1961 0 -605725 




